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TTTT F OF THF TNVFNTION 

COMPOUNDS FOR INHIBrnNG OSTEOCLAST-MEDIATED BONE 
RESORPTION 

5 R/ \rKfiROUN n OF THE INVENTION 

This invention relates to compounds for inhibiting bone 
resorption that is mediated by the action of a class of cells known as 
osteoclasts. 

Osteoclasts are multinucleated cells of up to 400 ^m in 
10 diameter that resorb mineralized tissue, chiefly calcium carbonate and 
calcium phosphate, in vertebrates. They are actively motile cells that 
migrate along the surface of bone. They can bind to bone, secrete 
necessary acids and proteases and thereby cause the actual resorption of 
mineralized tissue from the bone. 
1 5 The pharmacologic activity of these compounds is useful in 

the treatment of mammals, including man. 

The current major bone diseases of public concern are 
osteoporosis, hypercalcemia of malignancy, osteopenia due to bone 
metastases, periodontal disease, hyperparathyroidism, periarticular 
20 erosions in rheumatoid arthritis, Paget's disease, immobilization- 
induced osteopenia, and glucocorticoid treatment. 

All these conditions are characterized by bone loss, 
resulting from an imbalance between bone resorption (breakdown) and 
bone formation, which continues throughout life at the rate of about 
25 14% per year on the average. However, the rate of bone turnover 
differs from site to site, for example, it is higher in the trabecular bone 
of the vertebrae and the alveolar bone in the jaws than in the cortices of 
the long bones. The potential for bone loss is directly related to 
turnover and can amount to over 5% per year in vertebrae immediately 
30 following menopause, a condition which leads to increased fracture risk 
There are currently 20 miUion people with detectable 
fractures of the vertebrae due to osteoporosis in the United States, hi 
addition, there are 250,000 hip fracmres per year attributed to 
osteoporosis. This clmical situation is associated with a 12% mortality 
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rate within the first two years, while 30% of the patients require 
nursing home care after the fracture. 

Individuals suffering from all the conditions listed above 
would benefit from treatment with agents which inhibit bone resorption. 
5 Endothelial cells secrete growth factors that are mitogenic 

for endothelium and can induce foraiation of new blood vessels 
(angiogenesis). Angiogenic stimuli cause the elongation or proliferation 
of endothelial cells and generation of new vessels. 

10 SUMMARY OF THF TNVENTION 

The present invention involves a compound of the formula 

wherein 



15 X is selected from the group consisting of 
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-NR^r2, -NR^-C-R3 -nr^-c-nr3r*. 




R^ 



Y is selected from the group consisting of 
Ci-g alkylene, 
(CH2)m-C^(CH2)n, 
5 (CH2)mCRl=CR2(CH2)n. 

(CH2)mCRJ=CR2(CH2)nO. 

Co.8 alkylene-NR3.CO-C0-8 alkylene, 

Co.8 alkylene-O-CO-8 alkylene, 
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Co-8 alkylene-NR3.Co-8 alkylene and 
CO-8 alkylene-NR3-C0-8 alkylene-0-; 

A is selected from the group consisting of 

O 

-(CHzk- and -(CHgUCNR^CHgV; 

Bis 

O 




r1, r2, r3 and are each independently selected from the group 
consisting of 
10 hydrogen. 

Cm alkoxy Co-6 alkyl. 
Cm alkoxycarbonyl CO-6 alkyl, 
Ci-6 alkylamino Co-g alkyl, 
Ci-6 dialkylamino CO-8 alkyl, 
15 amino CO-8 alkyl and 

aryl CO-8 alkyl; 

.. r5 is selected from the group consisting of 

hydrogen, 
20 Cm alkoxy Co.6 alkyl, 

Cm alkoxycarbonyl Co-6 alkyl, 

Ci-e alkylamino CO-8 alkyl, 

C 1 -6 dialkylamino CO-8 alkyl, 

amino CO-8 alkyl, 
25 0X0 and 

aryl CO-8 alkyl; 
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r6 and r7 are each independently selected from the group consisting of: 
hydrogen, 

Co.6 alkylamino Co.6 alkyl, 
CO-6 dialkylamino Co.6 alkyl, 
5 aiyl CO-6 alkyloxycarbonylamino CO-6 alkyl, 

aryl CO-6 alkylsulfonylamino CO-6 alkyl and 
aryl CO-6 alkylcarbonylamino CO-6 alkyl; 

R 12 is selected from the group consisting of . 
10 hydroxy, 

Ci-8 alkyloxy, 

C 1 -6 dialky laminocarbony Imethoxy and 
aryl Cl-6 dialky laminocarbony Imethoxy; and 

15 m and n are integers independently chosen from 0-6; 

provided that when the compound is 

9 ? 



NHSOgPh 

wherein R12 is hydroxy or Cm alkyloxy, then X-Y is not 
20 NH2-(CH2)2-NH-CO-, 

BOC-HN-(CH2)2-NH-CO-, 
NH 
jl 

HgN^N— {CH2)2-NH-CO- 
H 

N 

H or 
(f^N-(CH2)3-0- 

25 
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and the pharmaceutically acceptable salts thereof. 

In one embodiment is the compound wherein 
X is selected from the group consisting of 




5 Y is selected from the group consisting of 
C1.3 alkylene, 
-CsC-, 

Co-2 alkylene-NH-CO-, 
C0.5 alkylene-O-CO-1 alkylene 
10 -NH-C2-4 alkylene and 

-NH-C2-4 alkylene-0-; 

A is selected from the group consisting of 
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-(CHzU- and -{CH2)n,CNH(CH2)n-. 

r1 is selected from the group consisting of 
hydrogen and 
Cm alkoxy; 

5 r6 and are each independently selected from the group consisting of 

hydrogen, 

-NHCbz, 

-NHS02Ph, 

-NHC(0)-Ph and 
10 -N(CH3)-S02Ph; and 

m and n are integers independently chosen from 0-6. 

In another embodiment is tiie compound 



15 wherein 

X is selected from the group consisting of 
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NR2 NR2 
-NR^R2. -NR^-C-R^ -NR^-C-NR3R^ 




Y is selected from the group consisting of 
Cl-8 alkylene, 
(CH2)m-CsC(CH2)n, 

5 (CH2)mCR^=CR2(CH2)n, 
(CH2)mCRl =CR2(CH2)nO, 
Co-8 alkylene-NR3-CO-C0-8 alkylene, 
CO-8 alkylene-O-CO-8 alkylene, 
Co-8 alkylene-NR3-C0-8 alkylene and 

1 0 CO-8 alkylene-NR3.C0-8 alkylene-0-; 

A is selected from the group consisting of 

O 

-(CHz),!,- and -(CH2)niCNR3(CH2)n-. 
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Bis 



o 




r1 , r2, r3 and are each independently selected from the group 
consisting of 
5 hydrogen, 

C 1 -4 alkoxy CO-6 alkyl. 
Cm alkoxycarbonyl Co-6 alkyl, 
Ci-6 alkylamino Co-8 alkyl, 
Ci-6 dialkylamino CO-g alkyl, 
10 amino CO-g alkyl and 

aryl CO-g alkyl; 

r5 is selected from the group consisting of 

hydrogen, 
15 Cm alkoxy CO-6 alkyl, 

C 1 A alkoxycarbonyl CO-6 alkyl, 

Ci.6 alkylamino Co-8 alkyl, 

C 1-6 dialkylamino Co-8 alkyl, 

amino Co-g alkyl, 
20 0X0 and 

aryl CQ-R alkyl; 

r6 and R^ are each independently selected from the group consisting of: 
hydrogen, 
25 CO-6 alkylamino Co.6 alkyl, 

Co.6 dialkylamino Co-6 alkyl, 
aryl CO-6 alkyloxycarbonylamino Co-6 alkyl, 
aryl CO-6 alkylsulfonylamino Co-6 alkyl and 
aryl CO-6 alkylcarbonylamino Co-6 alkyl; 

30 
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r12 is selected from the group consisting of 
hydroxy, 
Cl-8 alkyloxy, 

Cl-6 dialkylaminocarbonylmethoxy and 
5 aryl Cl-6 dialkylaminocarbonylmethoxy; and 

m and n are integers independently chosen from 0-6; 

provided that when the compound is 

^— ^ " HNHSOzPh 

wherein Rl2 is hydroxy or Cm alkyloxy, then X-Y is not 
NH2-(CH2)2-NH-CO-. 
BOC-HN-(CH2)2-NH-CO-, 
NH 
11 

HgN^N— (CH2)2-NH-CO- 
H 



10 



15 " or 




•(CH2)3-0 



and the phairoaceutically acceptable salts thereof. 

20 In a class of this embodiment is the compound wherein 

X is selected from the group consisting of 
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Y is selected from the group consisting of 
Ci.2alkylene, 
-GsC-. 

5 Co.2alkylene-NH-C0-, 

Co-5 alkylene-O-Co-1 alkylene and 
-NH-C2-4 alkylene-0-; 

A is selected from the group consisting of 

O 

-(CHzU- and -(CH2)mCNH(CH2)n-; 

r1 is selected from the group consisting of 
hydrogen and 
Cl-4alkoxy; 
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r6 and R7 are each independently selected from the group consisting of 
hydrogen, 
-NHCbz, 
-NHS02Ph. 
5 -NHC(0)-Phand 

-N(CH3)-S02Ph; and 

m and n are integers independently chosen from 0-1 . 

10 Examples of this class are compounds selected from the 

group of: 

4-(2-Guanidoethyloxy)phenylcait)onyl-2(S)-ben2yloxycarbonylamino-p- 
alanine, 

15 

4-(2-Guanidoethyloxy)phenylcaibonyl-2(S)-phenylsulfonylamino-p- 
alanine, 

2(S)-Phenylsulfonylamino-3-[4-(4-guanidobutyloxy)phenyl]-propionic 
20 acid, 

2(S)-(N-Ben2yloxycarbonylamino)-3-[4-(5-guanidopentyloxy)phenyl]- 
propionic acid, 

25 4-(3-Guanidinopropyloxy)benzoyl-2-(S)-phenylsulfonylamino-p- 
alanine, 

4-(3-Formamidinopropyloxy)benzoyl-2-(S)-phenylsulfonylamino-p- 
alanine, 

30 

3-Methoxy-4-(3-guanidinopropyloxy)benzoyl-2(S)-phenylsulfonyl- 
amino-^-alanine , 



wo 95/32710 



PCTrtJS95/05938 



- 13- 

3-Methoxy-4-(3-aminopropyloxy)benzoyl-2(S)-phenylsulfonylamino-P- 
alanine, 

3- (3-Guanidinopropyloxy)ben2oyl-2(S)-phenylsulfonylamino-P-alanine. 

5 

4- [2-(N-Phenylguanidino)ethyloxy]benzoyl-2(S)-phenylsulfonylainino- 
P-alanine, 

4-[2-(NJ<I-Dimethylguanidino)ethyloxy]benzoyl-2(S)-phenylsulfonyl- 
10 amino-p-alanine, 

4-(Guanidinophen-3-yloxy)benzoyl-2(S)-phenylsulfonylammo-P- 
alanine, 

1 5 4-[2-(Guanidino)ethyloxymethy]]benzoyl-2(S>phenylsulfonylamino-P- 
alanine, 

3- [2-(Guanidino)ethyIaminocarbonyl]benzoyl-2(S)-phenylsulfonyl- 
amino-P-alanine, 

20 

4- [2-(2-Aminothiazol-4-yl)ethyloxy]benzoyl-2(S)-phenylsulfonylamino- 
p-alanine t-butyl ester, 

4-[2-(2-Ammothiazol-4-yl)ethyloxy]benzoyl-2(S)-phenylsulfonylammo- 
25 p-alanine, 

4-[2-(N-(2-Iinidazolin-2-yl)aminoethyloxy]benzoyl-2(S)-phenylsulfonyl- 
amino-P-alanine, 

30 2(S)-Phenylsulfonylammo-3-[4-(4-(N-iinidazolin-2-yl)aminobutyloxy)- 
phenyl]propionic acid, 

4-[2-[N-[Cis-3a,4,5,6,7,7a-Hexahydro-lH-benzimida2ol-2-yl]amino]- 
ethyloxybenzoyl-2(S)-phenylsulfonylamino-p-alanine, 
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4-[2-(Pyrimidiii-2-ylamino)ethyloxy]ben2oyl-2(S)-phenylsulfonylammo- 
p-alanine, 

4.[2-(3,4,5,6-Tetrahydropyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)- 
5 phenylsulfonylamino-p-alanine, 

4-[2-(2-Aminothiazol-4-yl)ethyl]ben2oyl-2(S)-phenylsulfonylammo-P- 
alanine t-butyl ester, 

10 4-[2-(2-Aminothiazol-4-yI)ethyl]benzoyl-2(S)-phenylsulfonylamino-p- 
alanine, 

4-l2(S)-(N-(2-lmidazolin-2-yl)amino)propyloxy]benzoyl-2(S)-phenyl- 
sulfonylamino-P-alanine, 

4-[2-(lmidazol-2-yl)ethyl]benzoyl-2(S)-phenylsulfonylamino-p-alanine, 

4.[2-(Thiazol-2-ylamino)ethyloxy]benzoyl-2(S)-phenylsulfonylamino-P- 
alanine, 

■ 4.[2-(Pyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)-benzyloxycarbonyl- 
amino-P-alanine, 

4-[2-(3 ,4,5 ,6-Tetrahydropyrimidin-2-ylainino)ethyloxy]beiizoyl-2(S)- 
25 benzyloxycarbonylamino-P-alanine, 

Methyl 2(S)-benzoylamino-3-[4-(4-pyrimidin-2-y laminobutyloxy )- 
phenyl]propionate, 

30 2(S)-Benzoylammo-3-[4-(4-pyrimidin-2-ylamino)butyloxy)phenyl]- 
propionic acid, 

2(S)-Benzoylainino-3-[4-(4-(3,4,5,6-tetrahydropyrimidin-2-ylamino)- 
butyloxy)phenyl]propionic acid. 
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4-[2-(Pyriraidin-2-ylamino)ethyloxy]benzoyl-2(S)-N-methyl-N-phenyl- 
sulfonylamino-p-alanine t-butyl ester, 

4-[2-(Pyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)-N-methyl-N-phenyl- 
5 sulfonylamino-p-alanine, 

4.[2-(3,4,5,6-Tetrahydropyrimidin-2-ylamino)ethyIoxy]benzoyl-2(S)-N- 
methyl-N-phenylsulfonylamino-P-alanine, 

10 4-[2-(N-(5,6-Dihydro-4-keto-l(H)-pyrimidin-2-yl)amino)ethyloxy]- 
benzoyl-2(S)-phenylsulfonylammo-P-alanme, 

4-(2-Aminopyridin-6-ylethynyl)benzoyl-2(S)-phenylsulfonyl-amino-p- 
alanine t-butyl ester, 

15 

4-(2-Aminopyridin-6-ylethynyl)benzoyl-2(S)-phenylsulfonylamino-|5- 
alanine, 

4-[2-(2-Ammopyridin-6-yl)ethyl]benzoyl-2(S)-phenylsulfonylammo-p- 
20 alanine, 

4-[2-(2-Ammopyridin-6-yl)ethyloxy]benzoyl-2(S)-phenyl- 
sulfonylamino-P-alanine t-butyl ester, 

25 4-[2-(2.Aminopyridin-6-yl)ethyloxy]ben2oyl-2(S)-phenylsulfonylammo- 
p-alanine, 

4-[2-(Indol-2-yl)ethyloxy]benzoyl-2(S)-phenylsulfonylamino-P-alanme 
mefliyl ester, 

30 

4-[2-(Indol-2-yl)ethyloxy]benzoyl-2(S)-phenylsulfonylamino-p-alanine. 

4-[2-(lH-Imidazo[4,5-6]pyridin-2-yl)ethenyl]benzoyl-2(S)-phenyl- 
sulfonylamino-P-alanine t-butyl ester. 
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4.[2-(lH-Imidazo[4,5-b]pyridin-2.yl)ethenyl]benzoyl-2(S)-phenyl. 
sulfonylamino-P-alanine, 

4-l2-(lH-Imidazo[4,5-b]pyridin-2-yl)ethyl]benzoyl-2(S)-phenyl- 
5 sulfonylamino-p-alanine, 

4-l2-(l,8-Naphthyidin-7-yl)ethenyl)benzoyl-2(S).phenylsulfonylamino- 

p-alanine t-butylester, 
10 4-[2-(l,2,3,4-Tetrahydro-l,8-naphthyridin-7-yl)ethyl]benzoyl-2(S)- 

phenylsulfonylamino-p-alanine t-butyl ester, 

4.[2-(1.2.3,4-Tetrahydro-l,8-naphthyridin-7yl)ethyl]benzoyl-2(S)- 
phenylsulfonylamino-P-alanine, 

4-[2-(l ,8-Naphthyridin-7-yl)ethenyl]benzoyl-2(S)-phenylsulfonyl- 
amino-P-alanine ethyl ester, 

4-[2-(l,2,3.4-Tetrahydro-l,8-naphthyridin-7-yl)ethyl]benzoyl-2(S)- 
20 phenylsulfonylamino-p-alanine ethyl ester, 

4-[2-(l,2,3.4-Tetrahydro-1.8naphthyridin-7-yl)ethyl]benzoyl-2(S)- 
[l(S)l()-camphorsulfonylamido] p-alanine ethyl ester, 

25 4-[2-(l,2.3,4-Tetrahydro-1.8 naphthyridin-7.yl)ethyl]benzoyl-2(S)- 
[ l(S)10-camphorsulfonylamido] p-alanine, 

4-l(3-Aminoisoquinolin-l-yl)ethynyl]benzoyl-2(S)-phenylsulfon^^^^^ 
P-alanine ethyl ester, 
^ 4.[(3.A^lmoisoqumolin-l-y))ethynyl]teI«oy^2(S)-phenylsutfonamido- 
p-alanine trifluoroacetate, 
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4-[2-(3-Aminoisoquinolin-l-yl)ethyl]benzoyl-2(S)-phenylsulfonamido- 
P-alanine trifluoroacetate, 

4-[3-[N-(lH-Benzimidazo-2-yl)ainmo]propoxy]benzoyl-2(S)- 
5 phenylsulfonylamino-p-alanine t-butyl ester, and 

4-[3-[N-(lH-Benzimidazol-2-yl)amino]propoxy]benzoyl-2(S)- 
phenylsulfonylamino-P-alanine. 

Illustrative of the embodiment is a method of inhibiting the 
10 bone resorption activity of mammalian osteoclast cells comprising the 
step of administering a phannacologically effective amount of the 
compound. 

A further illustration of the embodiment is a composition 
for inhibiting bone resorption activity of mammalian osteoclast cells 
15 comprising a pharmacologically effective amount of the compound and 
a pharmaceutically acceptable carrier. 

Exemplifying the class is a method of inhibiting the bone 
resorption activity of mammalian osteoclast cells comprising the step of 
administering a pharmacologically effective amount of the compound. 
20 Further exemplifying the class is a composition for 

inhibiting bone resorption activity of mammalian osteoclast cells 
comprising a pharmacologically effective amount of the compound and 
a pharmaceutically acceptable carrier. 

Also included within the scope of the invention is a method 
25 of inhibiting the bone resorption activity of mammalian osteoclast cells 
comprising the step of administering a pharmacologically effective 
amount of a compound of the formula: 

X-Y-Z-Aiyl-A-B 

30 wherein: 

Aiyl is a 6-membered aromatic ring containing 0, 1 , 2 or 3 N atoms 
and either unsubstituted or substituted with one or more groups chosen 
from r1 and r2; 



wo 95/32710 



PCTAJS95/05938 



-18- 

X is selected from 

-NR^R2 -NR^-C-R^ -C-NHR*. -NR^-C-NR^R^ 

NR^ NR2 
-aryl-NR^R2. .aryl-C-NR^R^. -aryl-NR^-C-NR^R*. 
or a 4- to 10- membered mono- or poly cyclic aromatic or 
nonaromatic ring system containing 0, 1, 2, 3 or 4 heteroatoms 
selected from N, O and S and either unsubstimted or substituted 
withRl3,Rl4 r15 orRl6; 



Y is selected from the group consisting of 
10 CO-8 alkylene, 

C3-10 cycloalkyl, 

CO-8 alkylene-NR3.CO-CO-8 alkylene, 

CO-8 alkylene-CONR3.Co-8 alkylene, 

CO-8 alkylene-O-CO-8 alkylene, 
1 5 Co-S alkylene-NR 1 -CO-8 alkylene, 

Co-8 alkylene-S(O)0-2-C0-8 alkylene, 

Co-8 alkylene-S02-NR3.Co-8 alkylene, 

Co-8 alkylene-NR3-SO2-C0.8 alkylene, 

Co-8 alkylene-CO-CO-8 alkylene, 
20 (CH2)0-6 aryl(CH2)0-6, 

(CH2)0-6 aiyl-CO-(CH2)0-6, 

(CH2)0-6 aryl-CO-NR3-(CH2)0-6, 

(CH2)0-6 arylNR3CO(CH2)0-6 

OH 
I 

(CH2)o^CH{CH2)(« . 

25 

Z and A are each independently selected from the group consistmg 
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O 

II 

{CH2)„. (CH2)„0(CH2)„. (CH2)„NR3(CH2)„. {CH2)„NR^CNR2(CH2)n. 
(CH2)„,CNR3(CH2)n. (CH2)„,NR3C(CH2)n. (CH2)„l!;(CH2)n. 

s 

(CH2),„l!:(CH2)n. (CH2)„S02(CH2)n. (CH2)„S(CH2)„. 

(CH2)mSO(CH2)n. (CH2)n,S02NR3(CH2)n. 

(CH2)„NR3S02(CH2)n. (CH2)mCR^=CR^(CH2)n. and 
(CH2)mC=C-(CH2)n. 

where m and n are integers independently chosen from 0-6; 
B is selected from 

O R« 



9 O 



5 R« R ^ R'' . 

r1, r2, r3 and r4 are each independently selected from the group 
consisting of 

hydrogen, 

halogen, 
10 Ci-ioalkyl, 

aiyl Co-8 alkyl, 

amino Co-8 alkyl, 

Cl-3 acylamino Co-S alkyl, 

Ci.6 alkylamino Co-8 alkyl, 
15 Ci-6 dialkylamino CO-8 alkyl, 

aryl Co-6 alkylamino CO-6 alkyl, 
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Cm alkoxyaminb CO-8 alkyl, 
hydroxy Ci-6 alkylamino CO-8 alkyl. 
Cm alkoxy CO-6 alkyl, 
carboxy CO-6 alkyl, 
5 C 1 -4 alkoxycarbonyl CO-6 alkyl, 

carboxy Co.6 alkyloxy, 
hydroxy C 1-6 alkylamino CO-6 alkyl, 

hydroxy CO-6 alkyl, 
NR^ 

NR2 

X 

-nr^-^nr^r* . 

I 

r6, r7, r8, r9. rIO, and R1 1 are each independently selected from 
hydrogen, 
fluorine, 

Cl-S alkyl, 
15 hydroxyl, 

hydroxy Cl-6 alkyl, 

carboxy CO-6 alkyl, 

Ci -6 alkyloxy, 

Ci^ alkylcaibonyl, 
20 . . aryl CO-6 alkylcarbonyl, 

Ci.6 alkylcarbonyloxy, 

aryl CO-6 alkylcarbonyloxy, 

Ci.6 alkylaminocarbonyloxy, 

C3.8 cycloalkyl, 
25 aryl CO-6 alkyl, 

CO-6 alkylamino CO-6 alkyl, 

CO-6 dialkylamino Co-6 alkyl, 

C1.8 alkylsulfonylamino €0-6 alkyl, 

aryl CO-6 alkylsulfonylamino CO-6 alkyl. 
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Ci-g alkyloxycarbonylamino Co-g alkyl, 

aryl CO-8 alkyloxycarbonylamino CO-g alkyl, 

C 1-8 alky Icarbonylamino CO-6 alkyl, 

aryl CO-6 alkylcarbonylamino CO-6 alkyl, 
5 Co-8 alkylaminocarbonylamino CO-6 alkyl, 

aryl CO-8 alkylaminocarbonylamino CO-6 alkyl, 

Co-8 alkylaminosulfonylamino Co.6 alkyl, 

aryl Co-8 alkylaminosulfonylamino CO-6 alkyl, 

Ci.6 alkylsulfonyl CO-6 alkyl, 
10 aryl CO-6 alkylsulfonyl Co-6 alkyl, 

Ci.6 alkylcarbonyl CO-6 alkyl, 

aryl CO-6 alkylcarbonyl CO-6 alkyl, 

C 1 -6 alkylthiocarbonylamino CO-6 aDcyl, and 

aryl Co-6 alkylthiocarbonylamino CO-6 alkyl 
15 wherein the alkyl, aryl, or N atoms may be unsubstituted or 

substimted with one or more substituents selected from and 

r2; 

r12 is selected from 

20 hydroxy, 

Cl-g alkyloxy, 

aryl CO-6 alkyloxy, 

Cl-g alkylcarbonyloxy CM alkyloxy, 

aryl Cl-g alkylcarbonyloxy CM alkyloxy, 

25 C 1 -6 dialkylaminocarbonylmethy loxy , 

aryl Ci.6 dialkylaminocaibonylmethyloxy or 
an L- or D-amino acid joined by an amide linkage and 
wherein the caiboxylic acid moiety of said amino acid 
is as the free acid or is esterified by Cl.6 alkyl; and 

30 

rI3, r14, r15 and R16 are each independently selected from the group 

consisting of 
hydrogen, 
Ci-lO alkyl. 
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aryl CO-8 alkyl, 

0X0, 

thio, 

amino CO-8 alkyl, 
5 Ci-3 acylamino CO-8 alkyl, 

Ci-6 alkylamino Co-8 alkyl, 
Cl-e dialkylamino CO-8 alkyl, 
aryl CO-6 alkylamino CO-6 alkyl, 
Ci-4 alkoxyamino CO-8 alkyl, 
1 0 hydroxy C 1 -6 alkylamino CO-8 alkyl, 

Cl-4alkoxyC0-6 alkyl, 
carboxy CO-6 alkyl, 
CM alkoxycarbonyl CO-6 alkyl, 
carboxy CO-6 alkyloxy, 
1 5 hydroxy C i -6 alkylamino CO-6 alkyl, 

hydroxy CO-6 alkyl, 
NR^ 



25 



and 



NR2 

-nr^^nrV 



and the pharmaceutically acceptable salts thereof . 
20 .. In one embodiment of the method, compomids have the 

formula: 

X-Y-Z-Aryl-A-B 



wherein: 



Aryl is a 6-membered aromatic ring containing 0, 1, 2 or 3 N atoms 
and either unsubstituted or substituted with one or more groups chosen 
from and R2; 
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X is selected from 

II II Jl a ^ 

-NR^R2, -NR^-C-R^-C-NHR^ -NR^-C-NR3R^ 

NR^ NR2 
-aryl-NR^R2. -aryl-C-NR^R^, -aryl-NR^-C-NR3R^ 
or a 4- to 10- membered mono- or polycyclic aromatic or 
nonaromatic ring system containing 0, 1, 2, 3 or 4 heteroatoms 
5 selected from N, O and S and either unsubstituted or substituted 

withRl3,Rl4,Rl5orRl6; 

Y is selected from the group consisting of 

Co-8 alkylene, 
10 C3.10 cycloalkyl, 

Co-8 alkylene-NR3-CO-C0-8 alkylene, 

Co-R alkylene-CONR3-C0-8 alkylene, 

Co-S alkylene-O-CO-8 alkylene, 

Co-S alkylene-NRl-Co-8 alkylene, 
15 Co-8 alkylene-S(O)0-2-C0-8 alkylene, 

Co-8 alkylene-S02-NR3.Co-8 alkylene, 

C0.8 alkylene-NR3-S02-Co.8 alkylene, 

CO-8 alkylene-CO-Co-8 alkylene, 

(CH2)0-6 aiyl(CH2)0-6, 
20 (CH2)0-6 aiyl-CO-(CH2)0-6. 

(CH2)0-6 aryl-CO-NH-(CH2)0-6. and 

OH 
I 

(CH2)o-8CH(CH2)o.8 . 

Z and A arc each independently selected from the group consisting of 
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(CH2U. (CH2)„0(CH2)„. {CH2)mNR3(CH2)n, 

O O O 

II II II 

(CH2)mCNR3(CH2)n. (CH2)„NR3C{CH2)n. (CH2UC(CH2)n. 

O 

s 11 

(CH2LC{CH2)n. (CH2)„,S02(CH2)„. {CH2)mS(CH2)„. 
(CH2)„,SO(CH2)n. (CH2LS02NR3(CH2)„. 
(CH2)„,NR3S02(CH2)n. (CH2)„CR3=CR*(CH2)n. and 

(CH2)n,C = C-(CH2)n. 

where m and n are integers independently chosen from 0-6; 
B is selected from 

O r8 

II \ rs O 

Rl, r2, r3 and R4 are each independently selected from the group 

consisting of 

hydrogen, 

halogen, 
10 Ci-io alkyl, 

aryl CO-8 alkyl, 

amino CO-8 alkyl, 

C1.3 acylamino CO-8 alkyl, 

C1.6 alkylamino CO-8 alkyl. 
15 Ci.6dialkylaminoC0-8 alkyl, 

aryl CO-6 alkylamino CO-6 alkyl, 

Cm alkoxyamino CO-8 alkyl, 
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hydroxy Cl-6 alkylamino CO-8 alkyl. 
Cm alkoxy CO-6 alkyl, 
carboxy CO-6 alkyl, 
C 1 A alkoxycarbonyl CO-6 alkyl, 
5 carboxy CO-6 alkyloxy, 

hydroxy Cl-6 alkylamino CO-6 alkyl, 
hydroxy CO-6 alkyl, 
NR^ 

NR2 

X 

-NR^^NR^R^ . 

f 

10 r6, r7, r8, r9, R 1 0, and R 1 1 are each independently selected from 

hydrogen, 

fluorine, 

Ci.8 alkyl, 

hydroxy 1, 
15 hydroxy Cl.6 alkyl, 

carboxy Co-6 alkyl, 

Cl-e alkyloxy, 

Cl-6 alkylcarbonyl, 

aryl Co-6 alkylcarbonyl, 
20 .. Cl-6 alkylcarbonyloxy, 

aryl CO-6 alkylcarbonyloxy, 

Ci.6 alkylaminocafbonyloxy, 

C3-8 cycloalkyl, 

aryl CO-6 alkyl, 
25 Co-6 alkylamino Co-6 alkyl, 

CO-6 dialkylamino C0.6 alkyl, 

Cl-8 alkylsulfonylamino CO-6 alkyl, 
aryl CO-6 alkylsulfonylamino CO-6 alkyl, 
Ci-R alkyloxycarbonylamino CO-8 alkyl. 
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aryl CO-8 alkyloxycarbonylamino CO-8 alkyl, 

Cl-8 alkylcarbonylamino CO-6 alkyl, 

aiyl CO-6 alkylcarbonylamino CO-6 alkyl, 

Co-8 alkylaminocarbonylamino CO-6 alkyl, 
5 aryl CO-8 alkylaminocarbonylamino CO-6 alkyl, 

CO-8 alkylaminosulfonylamino CO-6 alkyl, 

aryl Co-8 alkylaminosulfonylamino CO-6 alkyl, 

Ci.6 alkylsulfonyl CO-6 alkyl, 

aiyl Co.6 alkylsulfonyl CO-6 alkyl. . 
10 C 1 -6 alky Icarbonyl CO-6 alkyl, 

aryl CO-6 alky Icarbonyl CO-6 alkyl, 

Ci.6 alkylthiocarbonylamino Co-6 alkyl, and 

aryl CO-6 alkylthiocarbonylamino CO-6 alkyl 

wherein the alkyl or aryl groups may be unsubstituted or 
15 substituted with one or more substituents selected from and 

R2; 

r12 is selected from 

hydroxy, 
20 Cl-Salkyloxy, 

aryl CO-6 alkyloxy, 

Cl-8 alkylcarbonyloxy Ci-4 alkyloxy, 

aryl Cl-8 alkylcarbonyloxy Cl-4 alkyloxy, 

Cl-6 dialkylaminocarbonylmethyloxy, 
25 aryl Cl-6 dialkylaminocarbonylmethyloxy or 

an L- or D-amino acid joined by an amide linkage and 

wherein the carboxylic acid moiety of said amino acid 

is as the free acid or is esterified by C 1-6 alkyl; and 

30 R13, r14, r15 and r16 are each independently selected from the group 

consisting of 
hydrogen, 
Cl-10 alkyl, 
aryl CO-8 alkyl, 
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0X0, 

thio, 

amino CO-8 alkyl, 

Ci-3 acylamino CO-8 alkyl, 
5 Ci-6 alkylamino CO-8 alkyl, 

Cl-e dialkylamino CO-8 alkyl, 

aiyl CO-6 alkylamino CO-6 alkyl, 

Ci-4 alkoxyamino CO-8 alkyl, 

hydroxy Ci.6 alkylamino CO-8 alkyl, 
10 Cl -4 alkoxy CO-6 alkyl, 

carboxy CO-6 alkyl. 

Cm alkoxycarbonyl CO-6 alkyl, 

carboxy CO-6 alkyloxy, 

hydroxy Ci-6 alkylamino CO-6 alkyl, 
15 hydroxy CO-6 alkyl, 

NR^ 

^NR^R^ . and 
NR2 

X 

-NR^'^NR^R* . 

t 

and the phamaaceutically acceptable salts thereof . 

In a class of this embodiment, the compounds have the 
20 formula wherein Aryl is a 6-membered aromatic ring containing 0, 1 
2 N atoms and either unsubstituted or substituted with one or more 
groups chosen from and R^; 

X is defined as above; 
25 Y is selected from 

CO-8 alkylene, 

CO-8 alkylene-NR3-CO-CO-8 alkylene, 
CO-8 alkylene-CONR3.C0-8 alkylene, 
CO-8 alkylene-O-Co.8 alkylene. 
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Co-g alkylene-NRl-CO-8 alkylene, 
Co-8 alkylene-S(O)0.2-C0-8 alkylene, 
Co-8 alkylene-S02-NR3-Co.8 alkylene, or 
CO-6 alkylene-aryl-CO-6 alkylene; 

5 

Z and A are each independently selected from the group consisting 

(CH2),n. (CH2)mO(CH2)n. (CH2U-NR3-(CH2)n: 

o o 

{CH2)„,iiNR3(CH2)n. (CH2)„,NR35(CH2)n. 

o 

(CH2Lft(CH2)„. (CH2)„S02(CH2)n. 
(CH2)„S02NR3(CH2)n.(CH2)mNR3S02(CH2)n. 

and (CH2)nP=C-(CH2)n . 

wherein m and n are independently chosen from 0-6; 
B is defined as above; 
10 R 1 , r2. r3 and R4 are each independently selected from 

hydrogen, 

Cl-ioalkyl, 

aryl Co-8 alkyl, 

amino CO-8 alkyl, 
15 C] -3 acylamino Co.8 alkyl, 

Ci.6 alkylamino CO-8 alkyl, 

Ci-e dialkylamino CO-8 alkyl, 

Cl-4 alkyloxy CO-6 alkyl, 

carboxy CO-6 alkyl, 
20 Cm alkyloxycarbonyl CO-6 alkyl, 

carboxy CO-6 alkyloxy, 

hydroxy CO-6 alkyl. 
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NR^ 



or 



NR2 

X 

-NR^-^NHR^ 

I 

r6, r7, r8, r9, rIO and R1 1 are independently selected from the 
group consisting of 
5 hydrogen, 
hydroxy 1, 
fluorine, 
Ci-S alkyl, 
C3-8 cycloalkyl, 
10 aryl Co-6 alkyl, 

Co-6 alkylamino Co-6 alkyl, 
Co-6 dialkylamino Co-6 alkyl, 
Ci-g alkylsulfonylamino Co-6 alkyl, 
aryl CO-6 alkylsulfonylamino CO-6 alkyl, 
15 Ci-galkyloxycarbonylaminoCo-g alkyl, 

aryl Co-8 alkyloxycarbonylamino CO-fr alkyl, 
Ci-g alkylcarbonylamino CO-6 alkyl, 
aryl CO-6 alkylcarbonylamino CO-6 alkyl, 
CO-g alkylaminocarbonylamino Co-6 alkyl, 
20 . aryl Co-8 alkylaminocarbonylamino Co-6 alkyl, 
Co-g alkylaminosulfonylamino Co-6 alkyl, 
aryl Co-8 alkylaminosulfonylamino CO-6 alkyl, 
Ci-6 alkylsulfonyl Co-6 alkyl, 
aryl Co-6 alkylsulfonyl C0.6 alkyl, 
25 C1.6 alkylcarbonyl Co-6 alkyl, and 

aryl CO-6 alkylcarbonyl Co-6 alkyl; 



r12 is selected from the group consisting of 
hydroxy. 
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Ci-S alkyloxy, 
aryl Co-6 alkyloxy, 

Cl -8 alkylcarbonyloxy Cm alkyloxy, and 
aiyl Ci-8 alkylcarbonyloxy Ci-4 alkyloxy; and 

5 

r13, r14, r15 and R16 are each independently selected from 
hydrogen, 
Cl-lO alkyl, 
aryl CO-8 alkyl, 
10 0X0, 



carboxy Co.6 alkyl, 
Ci-4 alkyloxycarbonyl CO-6 alkyl, 
carboxy CO-6 alkyloxy, 
hydroxy CO-6 alkyl, 

^NHR2 ^ or 
NR2 

X 

-NR^^NHR^ . 

In a subclass of the class is the method wherein the 
compound has the formula: 



15 



amino CO-8 alkyl, 
Cl-3 acylamino Co-8 alkyl, 
Ci.6 alkylamino CO-8 alkyl, 
Cl-6 dialkylamino Co-8 alkyl, 
Cl-4 alkyloxy CO-6 alkyl, 




25 wherein: 
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X is selected from the group consisting of 

.Nr1r2, -NR^-C-R^-C-NHR*. -NR^-C-NR3R*. 

NR^ NR2 
-aryl-NR^R2 -aryl-C-NR^R^. -aryl-NR^-C-NR^R*. 
or a 5- to 10- membered aromatic or nonaromatic ring 
5 system containing 0, 1 , 2, 3 or 4 heteroatoms selected from 

N and S and either unsubstimted or substimted with R^^, r14^ 
Rl5orRl6; 

Y is selected from the group consisting of 
10 CO-8 aDcylene, 

Co-R alkylene.NR3-CO-C0.8 alkylene, 

Co-R alkylene-CONR3.Co-8 alkylene, 

Co-8 alkylene-O-CO-S alkylene, 

Co-8 alkylene-NRl-CO-8 alkylene and 
15 Co-8 alkylene-S(O)0.2-C0-8 alkylene; 

Z and A are each independently selected from the group consisting of 

O 

II 

(CHgU. (CH2)HrC— (CH2)„ .{CH2)rf-0-(CH2)n . 



(CHgUSOg— (CH2)n , (CH2)„,-CONH-(CH2)n . 

and (CH2)mCSC-(CH2)n . 

wherein m and n are independently chosen from 0-6; 
20 B is defined as above; 

r1, r2, r3 or R^. are each independently selected from the group 

consisting of 
hydrogen. 
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Cl-lO alkyl, 
aryl CO-8 alkyl, 
Cl-4 alkyloxy CO-6 alkyl, 
Ci-4 alkoxycarbonyl CO-6 alkyl, 
carboxy CO-6 alkyl, 
hydroxy CO-6 alkyl, 
amino CO-8 alkyl, 
C 1 -6 alkylamino CO-8 alkyl, 
Cl-6 dialkylamino CO-8 alkyl, 
JJH 

NH2 . and 



NH 

X 

-NH NH2 , 
10 • and 



r13, r14, r15 or r16, are each independently selected from the group 
consisting of 

hydrogen, 
15 Ci -10 alkyl, 

aryl CO-8 alkyl, 

0x0, 

Cl-4 alkyloxy CO-6 alkyl, 
Cl-4 alkoxycarbonyl CO-6 alkyl, 
20 . carboxy CO-6 alkyl, 
hydroxy CO-6 alkyl, 
amino CO-8 alkyl, 
C1.6 alkylamino CO-8 alkyl, 
C1.6 dialkylamino CO-8 alkyl. 



wo 95/32710 



PCTrtJS95/05938 



33 



NH 

NH2 , and 



NH 

X 

-NH NH2 



In a group of this subclass is a method wherein X of the 
compound is selected from the group consisting of 

NR2 NR2 

-NR^R2. -nr^-c-r^ -nr^-c-nr3r^. 

.aryl-NR^R2. .aryl-C-NR^R^. .aryl-NR^-C-NR3R^ 1!,^^^ 



10 




R"-^ I R 
^N 



Ri H ^,1 



^ and . ^ 

R^ R' ^ 

Y is selected from the group consisting of 
Co-8 alkylene, 

CO-8 alkylene-NR3-CO-C0-8 alkylene, 
CO-g alkylene-O-Co.8 alkylene and 
CO-8 alkylene-NRl-CO-8 alkylene; 

Z and A are each independently selected from the group consisting of 
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(CH2)„ . (CH2)srO-(CH2)n . (CH2)„C5C-(CH2)n. 

f II 

(CH2)^-N-{CH2)n, (CH2)„,S02(CH2)„. (CH2)„S(CH2)n. 

o 

II 

(CH2)rnCH=CH(CH2)n. (CH2)„CNH(CH2)n. 

wherein m and n are independently chosen from 0-6; 
Bis 

O 




5 R 1 , R2, r3 and R^ are each independently selected from the group 

consisting of 
hydrogen. 

Cm alkoxy CO-6 alkyl. 
Cm alkoxycarbonyl CO-6 alkyl. 
10 Ci -6 alkylamino Co-8 alkyl, 

Ci-e dialkylamino CO-8 alkyl, 

amino CO-8 alkyl and 
aryl Co-8 alkyl; 

15 • r6 and r7 are each independently selected from the group consisting of: 
hydrogen, 

Co-6 alkylamino CO-6 alkyl, 
CO-6 dialkylamino CO-6 alkyl, 
aryl Co-6 alkyloxycarbonylamino Co-6 alkyl, 
20 aryl CO-6 alkylsulfonylamino Co-S alkyl and 

aryl CO-6 alkylcarbonylamino Co-6 alkyl; 

r12 is selected from the group consisting of 
hydroxy and 
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Ci-8 alkyloxy; and 

r13 is selected from the group consisting of 
hydrogen, 
5 Ci -4 alkoxy Co.6 alkyl. 

Cm alkoxycaibonyl CO-6 alkyl, 
Cl.6 alkylamino CO-8 alkyl, 
Ci-6 dialkylamino CO-8 alkyl, 
amino CO-8 alkyl, 
10 0X0 and 

aryl CO-8 alkyl. 

In a subgroup of this group is a method wherein X of the 
compound is selected from the group consisting of 




15 



Y is selected from the group consisting of 
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CO-2 alkylene, 

C0-2alkylene-NH-CO-, 

Co-5 alkylene-O-CO-1 alkylene and 

-NH-C2-4 alkylene; 

5 

r6 and R7 arc each independently selected from the group consisting of 
hydrogen, 
-NHCbz, 
-NHS02Ph. 
10 -NHC(0)-Ph, and 

-N(CH3)-S02Ph. 

Exemplifying the subgroup is the method wherein the 
compound is selected from the group consisting of: 

15 4-(2-Guanidinoethyloxy)benzoyl-2(S)-ben2yloxycarbonylamino-P- 
alanine, 

4-(2-Guanidinoethyloxy)benzoyl-2(S)-phenylsulfonylamino-P-alanine, 

20 2(S)-Phenylsulfonylamino-3-[4-(4-Guanidinobutyloxy)phenyl]- 
propionic acid, 

2(S)-(N-Benzyloxycarbonylamino)-3-[4-(5-guanidopentyloxy)phenyl]- 
propionic acid. 



25 



4.(3-Guamdinopropyloxy)benzoyl-2-(S)-phenylsulfonylamino-P- 
alanine, 



4-(3-Formamidinopropyloxy)ben2oyl-2-(S)-phenylsulfonylamino.p- 
30 alanine, 

3-Methoxy-4-(3-Guanidinopropyloxy)benzoyl-2(S)-phenylsulfonyl- 
amino-P-alanine , 
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3-Methoxy-4-(3-aminopropyloxy)benzoyl-2(S)-phenylsulfonylamino-p- 
alanine, 

3- (3-Guanidinopropyloxy)benzoyl-2(S)-phenylsulfonylamino-P-alanine, 

5 

4- [2-(N-Phenylguanidino)ethyloxy]benzoyl-2(S)-phenylsulfonylamino- 
P-alanine, 

4-[2-(NJ»J-Dimethylguanidino)ethyloxy]benzoyl-2(S)-phenylsulfonyl- 
10 amino-|3-alanine, 

4-(Guanidinophen-3-yloxy)benzoyl-2(S)-phenylsulfonylamino-p- 
alamne, 

1 5 4-[2-(Guanidmo)ethyloxymethyl]benzoyl-2(S)-phenylsulfonylamino-P- 
alanine, 

3- [2-(Guanidino)ethylammocarbonyl]benzoyl-2(S)-phenylsulfonyl- 
amino-P-alanine, 

20 

4- I2-( 1 -Benzy limida2ol-4-yl)ethy loxy]beiizoyl-2(S)-phenylsulf onyl- 
amino-P-alanine, 

4-[2-(Iinidazol-4-yl)ethyloxy]ben2oyl-2(S)-phenylsulfonylammo-p- 
25 alanine, 

4-[2-(2-Aminothiazol-4-yl)ethyloxy]benzoyl-2(S)-phenylsulfonylamino- 
p-alanine t-butyl ester, 

30 4-[2-(2-Aminothiazol-4-yl)ethyloxy]benzoyl-2(S)-phenylsulfonyl- 
aminoP-alanine, 

4-[2-(N-(2-Imidazolin-2-yl)aminoethyloxy]benzoyl-2(S)-phenylsulfonyl- 
amino-P-alanine, 
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2(S)-Phenylsulfonylamino-3-[4-(4-(N-imidazolin-2-yl)aminobutyloxy)- 
phenyl]propionic acid, 

4-[2-[N-[Cis-3a,4,5 ,6 J Ja-Hexahydro- 1 H-ben2imidazol-2-yl]ainmo]- 
5 ethyloxybenzoyl-2(S)-phenylsulfonylamino-P-alaiime, 

4.[2-(Pyrimidin-2-ylamino)ethyloxy]ben2oyl-2(S)-phenylsulfonylainino- 
|3-alanine, 

10 4-[2-(3,4,5,6-Teti^ydropyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)- 
phenylsulfonylamino-p-alanine, 

4-[2-(2-Ammothiazol-4-yl)ethyl]ben2oyl-2(S)-phenylsulfonylamino-p- 
alanine t-butyl ester, 

15 

4-[2-(2-Aminothiazol-4-yl)ethyl]benzoyl-2(S)-phenylsulfonylamino-p- 
alanine, 

4-[2(S)-(N-(2-Imidazolin-2-yl)amino)propyloxy]ben2oyl-2(S)-phenyl- 
20 sulfonylamino-p-alanine, 

4-l2-(Iinidazol-2-yl)ethyl]beiizoyl-2(S)-phenylsulfonylamino-p-alanine, 

4-[2-(Thiazol-2-ylamino)ethyloxy]benzoyl-2(S)-phenylsulfonylamino-P- 
25 alanine, 

4-[2-(Pyiimidin-2-ylamino)ethyloxy]benzoyl-2(S)-benzyloxycarbonyl- 
amino-P-aianine, 

30 4-[2-(3,4,5,6-Tetrahydropyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)- 
benzyloxycarbonylamino-p-alanine, 

Methyl 2(S)-benzoylamino-3-[4-(4-pyrimidin-2-ylaminobutyloxy)- 
phenyl]propionate, 
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2(S)-Benzoylamino-3-[4-(4-pyrimidin-2-ylamino)butyloxy)phenyl]- 
propionic acid, 

5 2(S)-Benzoylainino-3-[4-(4-(3,4,5,6-tetrahydropyrimidin-2-ylamino)- 
butyloxy)phenyl]propionic acid, 

4-[2-(Pyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)-N-methyl-N-phenyl- 
sulfonylamino-p-alanine t-butyl ester, 

10 

4-[2-(Pyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)-N-methyl-N-phenyl- 
sulfonylamino-P-alanine, 

4-[2-(3,4,5,6-Tetrahydropyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)-N- 
1 5 methyl-N-phenylsulfonylamino-p-alanine, 

4-[2-(N-(5,6-Dihydro-4-keto- 1 (H)-pyrimidin-2-yl)amino)ethyloxy]- 
benzoyl-2(S)-phenylsulfonylamino-P-alanine, 

20 4-(2-Aminopyridin-6-ylethynyl)benzoyl-2(S)-phenylsulfonyl-amino-p- 
alanine t-butyl ester, 

4-(2-Aininopyridin-6-ylethynyl)benzoyl-2(S)-phenylsulfonylamino-P- 
alanine, 

25 

4-[2-(2-Aminopyridin-6-yl)ethyl]benzoyl-2(S)-phenylsulfonylammo-p- 
alanine, 

4-[2-(2-Aminopyridin-6-yl)ethyloxy]benzoyl-2(S)-phenyl- 
30 sulfonylamino-p-alanine t-butyl ester, 

4-[2-(2-Aminopyridin-6-yl)ethyloxy]benzoyl-2(S)-phenylsulfonylainino. 
P-alanine, 
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4.[2-(Indol-2-yl)ethyloxy]benzoyl-2(S)-phenylsulfonylamino-p-alanine 
methyl ester, and 

4-[2-(Indol-2-yl)ethyloxy]benzoyl-2(S)-phenylsulfonylamino-P-alanine. 

In another embodiment of the method of the invention, X 
of the compound is 

.NR^R2, -NR^-C-R^ -NR^.C-NR3R^ . 



NRi NR2 
-aryl-NR^R^. -aryl-C-NR^R^. -aryl-NR^-C-NR^R*. 





R^ 

j13 P13, 



R 



13. 



R1 H ^^1 • H 



Y is selected from the group consisting of 
CO-8 alkylene, 
10 CO-8 alkylene-NR3.CO-Co-8 alkylene, 

Co-g alkylene-O-Co-8 alkylene and 
Co-R alkylene-NRl-CO-8 alkylene; 

Z and A are each independently selected from the group consisting of 
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(CH2)„ . (CH2)SrO-(CH2)n . (CH2)„CEC-(CH2)n. 
r3 O 

(CH2)„-N-(CH2)n. (CH2)„S02(CH2)„. (CH2),nS(CH2)„. 

o 

II 

(CH2UCH=CH(CH2)n. and (CH2)„CNH(CH2)„. 

wherein m and n are independently chosen from 0-6; 
Bis 

O 

II 

> 

5 R 1, r2, r3 and R^ are each independently selected from the group 
consisting of 

hydrogen, 

Cl -4 alkoxy Co-6 alkyl, 
Ci-4 alkoxy carbonyl CO-6 alkyl, 
10 Cl -6 alkylamino CO-8 alkyl, 

Ci-6 dialkylamino CO-8 alkyl, 
amino CO-8 alkyl and 
aiyl Co-8 alkyl; 

15 ■ R6 and R^ are each independently selected from the group consisting of: 
hydrogen, 

Q)-6 alkylamino CO-6 alkyl, 
Co-6 dialkylamino Co-6 alkyl, 
aryl Co-6 alkyloxycart»onylamino Co-6 alkyl, 
20 aryl Co-6 alkylsulfonylamino Co.6 alkyl and 

aryl CO-6 alkylcarbonylamino Co-6 alkyl; 

r12 is selected from the group consisting of 
hydroxy and 
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Cl-8 alkyloxy; and 

r13 is selected from the group consisting of 

hydrogen, 

5 CMalkoxy C0-6alkyl, 

Cm alkoxycarbonyl CO-6 alkyl, 
Cl.6 alkylamino CO-8 alkyl, 
Ci.6 dialkylamino CO-8 alkyl, 
amino CO-8 alkyl, 

10 0X0 and 

aryl CO-8 alkyl. 



In a class of this embodiment, X of the compound is 
selected from 
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A and B are defined as above; 

Y is selected from the group consisting of 

CO-2 alkylene, 

CO-2 alkylene-NH-CO-, 
5 CO-5 alkylene-O-CO-1 alkylene and 

-NH-C2-4 alkylene; 

r6 and r7 are each independently selected from the group consisting of 
hydrogen, 
10 -NHCbz, 

-NHS02Ph, 
-NHC(0)-Ph, and 
-N(CH3)-S02Ph. 

15 Exemplifying the class is a method wherein the compound 

is selected from the group consisting of 

4-[2-( 1 H-Imidazo[4,5-6]pyridin-2-yl)ethenyl]benzoyl-2(S)-phenyl- 
sulfonylamino-P-alanine t-butyl ester, 

20 

4-[2-( 1 H-Imidazo[4,5-b]pyridin-2-yl)ethenyl]benzoyl-2(S)-phenyl- 
sulfonylamino-P-alanine, 

4-[2-(lH-Imidazo[4,5-b]pyridin-2-yl)ethyl]benzoyl-2(S)-phenyl- 
25 sulfonylamino-p-alanine, 

4-[2-(l,8-Naphthyidin-7-yl)ethenyl)benzoyl-2(S)-phenylsulfonylamino- 
P-alanine t-butylester, 

30 4-[2-( 1 ,2,3 ,4-Tetrahydro- 1 ,8-naphthyridin-7-yl)ethyl]benzoy 1-2(S)- 
phenylsulfonylamino-P-alanine t-butyl ester. 



4-[2-(l ,2,3,4-Tetrahydro-l ,8-naphthyridin-7yl)ethyl]benzoyl-2(S)- 
phenylsulfonylamino-P-alanine, 
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4-[2-(l,8-Naphthyridin-7-yl)ethenyl]benzoyl-2(S)-phenylsulfonyl- 
amino-P-alanine ethyl ester, 

5 4-l2-( 1 ,23,4-Tetrahydro- 1 ,8-naphthyridm-7-yl)ethyl]benzoyl-2(S)- 
phenylsulfonylammo-P-alanine ethyl ester, 

4-[2-(l ,2,3,4-Tetrahydro-l ,8 naphthyridm-7-yl)ethyl]benzoyl-2(S)- 
[l(S)10-camphorsulfonylamido] P-alanine ethyl ester, 

10 

4-[2-( 1 ,2,3,4-Tetrahydro-l ,8 naphthyridin-7-yl)ethyl]benzoyl-2(S)- 
[ 1 (S) 1 0-camphorsulf onylamido] p-alanine, 

4-[(3-Anunoisoquinolin-l-yl)ethynyl]benzoyl-2(S)-phenylsulfonamido. 
15 P-alanine ethyl ester, 

4-[(3-Aminoisoquinolin.l-yl)ethynyl]benzoyl-2(S)-phenylsulfonamido- 
p-alanine trifluoroacetate, 

20 4-[2-(3-Aminoisoquinolin-l-yl)ethyl]benzoyl-2(S)-phenylsulfonamido- 
p-alanine trifluoroacetate, 

4-[3-[N-( 1 H-Benzimidazo-2-yl)amino]propoxy]benzoyl-2(S)- 
phenylsulfonylamino-p-alanine t-butyl ester, and 

25 

4-[3-[N-(lH-Benziinidazol-2-yl)aniino]propoxy]benzoyl-21 (S)- 
phenylsulfonylamino-p-alanine. 

nFTATT.F.D DF^rRTPTTON Q F THF TNVENTION 
30 Compounds of the invention are useful for treating 

mammals suffering from a bone condition caused or mediated by 
increased bone resorption, who are in need of such therapy. 
Pharmacologically effective amounts of the compounds, including 
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pharamaceutically acceptable salts thereof, are administered to the 
mammal, to inhibit the activity of mammalian osteoclasts. 

Compounds of the invention are also useful for inhibiting 
tumor grov^h in mammals. Pharmacologically effective amounts of the 

5 compounds, including pharamaceutically acceptable salts thereof, are 
administered to the mammal, to inhibit tumor growth. The growth of 
tumors depends on an adequate blood supply, which in turn depends on 
growth of new vessels into the tumor. New vessels are stimulated by 
factors secreted by the tumor. Inhibition of angiogenesis can cause 

10 tumor regression in animals. 

Compounds of the invention are also useful for treating and 
preventing diabetic retinopathy in mammals. Pharmacologically 
effective amounts of the compounds, including pharamaceutically 
acceptable salts thereof, are administered to the mammal, to inhibit 

15 diabetic retinopathy. 

Compounds are also useful in the prevention of restenosis 

of vessels. 

The term "pharmaceutically acceptable salts" means non- 
toxic salts of the compounds of this invention which are generally 

20 prepared by reacting the free base with a suitable organic or inorganic 
■ acid. Representative salts include the following salts: Acetate, benzene- 
sulfonate, benzoate, bicarbonate, bisulfate, bitartrate, borate, bromide, 
calcium edetate, camsylate, carbonate, chloride, clavulanate, citrate, 
dihydrochloride, edetate, edisylate, estolate, esylate, fumarate, 

25 glucoheptanate, gluconate, glutamate, glycollylarsanilate, hexyhiesor- 
cinate, hydrabamine, hydrobromide, hydrochloride, hydroxynapthoate, 
iodide, isottiionate, lactate, lactobionate, laurate, malate, maleate, 
mandelate, mesylate, methylbromide, methylnitrate, methylsulfate, 
mucate, napsylate, nitrate, oleate, oxalate, pamaote, palmitate, 

30 pantothenate, phosphate/diphosphate, polygalactouronate, salicylate, 
stearate, subacetate, succinate, tannate, tartrate, teoclate, tosylate, 
triethiodide, valerate. The tenn also includes acid salts of the 
compounds, e.g., sodium salts, potassium salts, magnesium salts, etc. 
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The term "pharmaceutically effective amount" means that 
amount of a drug or pharaiaceutical agent that will elicit the biological 
or medical response that is being sought by a researcher or clinician. 
The term "aiyl" means a mono- or polycyclic system 

5 composed of 5- and/or 6- membered aromatic rings containing 0, 1, 2, 
3, or 4 heteroatoms chosen from N, O or S and either unsubstimted or 
substimted. "aryl" with a lower case "a" is defined herein to be broader 
than the term " Aiyl" with a capital "A". One skilled in the art can 
readily distinguish between the two terms which are clearly defined 

[) herein. 

The term "bone resorption activity" means the process by 
which osteoclasts solubiUze bone minerals and increase the activity of 
enzymes that degrade bone matrix. 

The term "alkyl" means straight, branched, or cyclic 

15 alkane, alkene or alkyne. 

The term "alkylene" shall include both straight and 
branched chain alkylenes (e.g.. -CH2-, -CH(CH3)-, -CH(CH3).CH2-, 
etc.). 

The term "alkoxy" includes an alkyl portion where alkyl is 

20 as defined above. 

The terms "arylalkyl" and "alkylaryl" include an alkyl 
portion where alkyl is as defined above and an aryl portion where aryl 
is as defined above. The Co-n or Ci-n designation where n may be an 
integer from 1-10 or 2-10 respectively, refers to the alkyl component of 
25 the arylalkyl or alkylaryl unit. 

The term "halogen" includes fluorine, chlorine, iodme and 
bromine. The term "oxy" means an oxygen (O) atom. The term "oxo" 
refers to a bivalem oxygen atom (=0). The term "thio" shall mean a 
sulfiu- (S) atom. In the schemes and examples below, various reagent 
30 symbols have the following meanings: 

The term "L- or D-amino acids" means naturally occumng 
L- or D-amino acids, for example, those naturally occurring L-amino 
acids presem in humans, e.g. protein amino acids,, including L-alanine, 
L-arginine. L-asparagine, L-aspartic acid, L-cysteine, L-glutamme, L- 
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glutamic acid, L-glycine, L-histidine, L-isoleucine, L-leucine, L-lysine, 
L-methionine, L-phenylalanine, L-proline, L-serine, L-threonine, L- 
tryptophan, L-tyrosine, and L-valine, and those naturally occurring D- 
amino acids which are non-protein amino acids, such as those found, for 

5 example, in antibiotic substances produced by bacteria and fimgi, 
including D-valine, D-asparagine, D-glutamate, D-omithine, D- 
phenylalanine, D-leucine, D-cysteine, and D-aspartate. (see Zubay 
"BIOCHEMISTRY" Addison-Wesley Publishing Company, ]nc. 
(Reading, MA) 1983 pp. 867-870 and Stiyer '.'BIOCHEMISTRY" W.H. 

10 Freeman and Company (New York, NY) 3rd Edition 1988 pp. 16-21). 



BOC(Boc): 


t-butyloxycarbonyl. 


Pd/C: 


Palladium on activated carbon catalyst. 


DMF: 


Dimethylformamide. 


DMSO: 


Dimethylsulfoxide. 


CBZ(Cbz): 


Carbobenzyloxy or benzyloxycarbonyl. 


CH2CI2: 


Methylene chloride. 


CHCI3: 


Chloroform. 


EtOH: 


Ethanol. 


NMM: 


N-methyUnorpholine 


CDI: 


Carbonyldiimidazole 


HOBT: 


1 -Hydroxybenzotriazole 


MeOH: 


Methanol. 


EtOAc: 


Ethyl acetate. 


HOAc: 


Acetic acid. 


BOP: 


Benzotriazol- 1 -yloxytris(dimethy lamino)- 




phosphonium hexafluorophosphate. 


DPFN: 


3 ,5-Dimethyl- 1 -pyrazolylf oraiamidine nitrate 


BH3-DMS 


Borane'dimethylsulfide 


EDC: 


l-(3-Dimethylaminopropyl)-3-ethylcarbodiimide 




hydrochloride 


LDA: 


Lithium diisopropylamide 


DME: 


1 ,2-Dimethoxyethane 


DEAD: 


Diethyl azodicarboxylate 
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Dibal: Diisobutylaluminum hydride 

THF: Tetrahydrofuran 

TEA: Triethylamine 

TFA: Trifluoroacetic acid 

5 DIPEA: Diisopropylethylamine 

DIAD: Diisopropyl azodicaiboxylate 

PCA-HCl: Pyrazole carboxamidine hydrochloride 

The compounds of the present invention can be 
10 administered in such oral dosage fomis as tablets, capsules (each of 
which includes sustained release or timed release formulations), pills, 
powders, granules, elixers, tinctures, suspensions, syrups and emulsions. 
Likewise, they may also be administered in intravenous (bolus or 
infusion), intraperitoneal, subcutaneous or intramuscular form, all usmg 
15 forms well known to those of ordinary skill in the pharmaceutical arts. 

The dosage regimen utilizing the compounds of the present 
invention is selected in accordance with a variety of factors including 
type, species, age. weight, sex and medical condition of the patient; the 
severity of the condition to be treated; the route of administration, the 
20 renal and hepatic function of the patient; and the particular compound 
or salt thereof employed. An ordinarily skilled physician or 
veterinarian can readily determine and prescribe the effective amount of 
the drug required to prevent, counter or arrest the progress of the 
condition. 

25 Oral dosages of the present invention, when used for the 

indicated effects, will range between about 0.01 mg per kg of body 
weight per day (mgAcg/day) to about 100 mg/kg/day and preferably 1.0- 
100 mg/kg/day and most preferably 1.0 to 20 mg/kg/day. 
Intravenously, the most preferred doses will range from about 0.1 to 

30 about 1 0 mg/kg/minute during a constant rate infusion. 

Advantageously, compounds of the present invention may be 
administered in a single daily dose, or the total daily dosage may be 
administered in divided doses of two, three or four times daily. 
Furthermore, preferred compounds for the present invention can be 
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administered in intranasal form via topical use of suitable intranasal 
vehicles, or via transdermal routes, using those forms of transdermal 
skin patches well known to those of ordinary skill in the art. To be 
administered in the form of a transdermal delivery system, the dosage 

5 administration will, of course, be continuous rather than intermittant 
throughout the dosage regimen. 

In the methods of the present invention, the compounds 
herein described in detail can form the active ingredient, and are 
typically administered in admixtare with suitable pharmaceutical 

10 diluents, excipients or carriers (collectively referred to herein as 

'carrier' materials) suitably selected with respect to the intended form 
of administration, that is, oral tablets, capsules, elixirs, syrups and the 
like, and consistent with conventional pharmaceutical practices. 

For instance, for oral administration in the form of a tablet 

15 or capsule, the active drug component can be combined with an oral, 
non-toxic, pharmaceutically acceptable, inert carrier such as lactose, 
starch, sucrose, glucose, methyl cellulose, magnesium stearate, 
dicalcium phosphate, calcium sulfate, mannitol, sorbitol and the like; for 
oral administration in liquid form, the oral drug components can be 

20 combined with any oral, non-toxic, pharmaceutically acceptable inert 
carrier such as ethanol, glycerol, water and the like. Moreover, when 
desired or necessary, suitable binders, lubricants, disintegrating agents 
and coloring agents can also be incorporated into the mixture. Suitable 
binders include starch, gelatin, natural sugars such as glucose or beta- 

25 lactose, com sweeteners, natural and synthetic gums such as acacia, 
tragacanth or sodium alginate, carboxymethylcellulose, polyethylene 
glycol, waxes and the like. Lubricants used in tiiese dosage forms 
include sodium oleate, sodium stearate, magnesium stearate, sodium 
benzoate, sodium acetate, sodium chloride and the like. Disintegrators 

30 include, without limitation, starch, methyl cellulose, agar, bentonite, 
xanthan gum and the like. 

The compounds of the present invention can also be 
adniinistered in the form of liposome delivery systems, such as small 
unilamellar vesicles, large unilamellar vesicles and multilamellar 
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vesicles. Liposomes can be formed from a variety of phospholipids, 
such as cholesterol, stearylamine or phosphatidylcholines. 

Compounds of the present invention may also be delivered 
by the use of monoclonal antibodies as individual carriers to which the 
5 compound molecules are coupled. The compounds of the present 

invention may also be coupled with soluble polymers as targetable drug 
carriers. Such polymers can include polyvinylpyrrolidone, pyran 
copolymer, polyhydroxypropybnethacrylamide-phenol, 
polyhydroxyethylaspartamide-phenol, or polyethyleneoxide-polylysine 
10 substimted with palmitoyl residues. Furthermore, the compounds of the 
present invention may be coupled to a class of biodegradable polymers 
useful in achieving controlled release of a drug, for example, polylactic 
acid, polyglycolic acid, copolymers of polylactic and polyglycolic acid, 
polyepsilon caprolactone, polyhydroxy butyric acid, polyorthoesters, 
15 polyacetals, polydihydropyrans, polycyanoaciylates and crosslinked or 
amphipathic block copolymers of hydrogels. 

The novel compounds of the present invention were 
prepared according to the procedure of the folloviing schemes and 
examples, using appropriate materials and are further exemplified by 
20 the following specific examples. The most preferred compounds of the 
invention are any or all of those specifically set forth in these examples. 
These compounds are not, however, to be construed as forming the only 
genus that is considered as the invention, and any combination of the 
compounds or their moieties may itself form a genus. The following 
25 examples further illustrate details for the preparation of the compounds 
of the present invention. Those skilled in the art will readily understand 
that known variations of the conditions and processes of the following 
preparative procedures can be used to prepare these compounds. All 
temperatures are degrees Celsius unless otherwise noted. 
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SCHEME 1 



BOCNH 



CO2CH3 



THF. PPha. DEAD 



BOCNH-(CH2)2 



C02CH3 



INNaOH.ethanol 



BOCNH-{CH2)2-0— (^^COzH 



id 



EDC, HOBT, DMF, 
N(i-Pr)2Et 



H ^, 

1^ 



CO2CH3 
NHCbz 



O 
II 



BOCNH(CH2)20-^^^CNH'^7i^' 



CO2CH3 

NHCbz 
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<;rHFMF 1 fCONT'D) 



INNaOH.ethanol 



O 
II 



BOCNH{CH2)20-<0)-CNH -^TX' 



CO2H 

NHCbz 



12 



a) TFA. CH2CI2 

b) DMF. H2O. N(i-Pr)2Et, DPFN, 60°C 



NH O 
H2N^ NH-(CH2)p-(QhCNH^O^ 



NHCbz 



1£ 



To a stirred solution of li2 (1.6 g, 10.5 mmol; Aldrich), 
PPh3 (3.4 g, 13.1 mmol), and THF (38 mL) at ambient temperature, 
was added Ll (1-7 g. 10.5 mmol) and DEAD (5.1 mL, 1 1.0 mmol; 

10 40% toluene solution) in THF (15 mL) dropwise over a 15 mm penod. 
After stirring for 20 h the reaction mixture was diluted with EtOAc and 
then washed with sat. NaHC03, 10% KHSO4 and brine, dried (MgS04) 
and concentrated. Flash chromatography (siUca, 20% EtOAc/hexanes) 
gave 1:3 as a colorless oil. Rf 0.84 (silica, 30% EtOAc/hexanes). 

15 IH NMR (300 MHz, CDCI3) 5 8.02 (d, 2H), 6.93 (d, 2H), 5.02 (m, IH). 
4.1 1 (m, 2H), 3.89 (s, 3H), 3.58 (m, 2H), 1.46 (s. 9H). 
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A-ri-rN-BOC-AminnVthvloxvlbp -nynic acid (1-4) 

A mixture of id (1.3 g, 4.4 mmol), IN NaOH (26.7 mL, 
26.7 mmol) and ethanol (33 mL) was stirred at ambient temperature for 
20 h. The reaction mixture was concentrated and the residue dissolved 
5 in H2O (15 mL) and then washed with ether. The aqueous portion was 
acidified with 10% KHSO4 and then extracted with EtOAc. The 
organic phase was washed with brine, dried (MgS04) and concentrated 
to give M as a white solid. Rf 0.26 (silica, 9:1 :1 CH2CI2/ 
CH3OH/ACOH). 

10 iH NMR (300 MHz, CDCI3) 5 8.08 (d, J=9Hz, 2H), 6.96 (d, J=9Hz, 
2H), 5.02 (m, IH), 4.12 (m, 2H), 3.60 (m, 2H), 1.48 (s, 9H). 

4-[2-(N-BOC-Amino)ethyloxy]benzoyl-2(S)-benzyloxycaibonylamino- 

p-alanine me thvl ester (1-6) _ 

15 To a stirred solution of M (1.1 g, 4.1 mmol), hi (0.97 g, 

4.1 mmol) HOBT (0.55 g, 4.1 mmol), N(i-Pr)2Et (2.2 mL, 12.3 
mmol), and DMF (45 mL) at -15''C was added EDC (0.81 g, 4.1 mmol) 
followed by removal of the cooling bath. After 72 h the reaction 
mixmre was diluted with EtOAc and then washed with H2O, sat. 
20 NaHC03, 10% KHSO4 and brine, dried (MgS04) and concentrated. 
Flash chromatography (silica, 70% EtOAc/hexanes) gave i;6 as a white 
powder. Rf 0.64 (silica, EtOAc). 

iH NMR (300 MHz, CDCI3) 5 7.72 (d, J=9Hz, 2H), 7.34 (m, 5H), 6.91 
(d, J=9Hz, 2H), 6.80 (m, IH), 5.95 (m, IH). 5.13 (m, 2H), 4.99 (m, 
25 IH). 4.55 (m, IH). 4.08 (m, 2H), 3.85 (m, 2H), 3.80 (s, 3H), 3.56 (m. 
2H), 1.47 (s,9H). 

4-[2-(N-BOC-Amino)ethyloxy]benzoyl-2(S)-benzyloxycaibonylamino- 

p-alanine (1-7) — - 

30 Utilizing the procedure for converting Jbi to M, M (300 

mg, 0.64 mmol) gave 1^ as a colorless oil. Rf 0.59 (silica, 9:1 :1 
CH2CI2/CH3OH/ACOH). 
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10 



15 



IH NMR (300 MHz, CDCI3) 5 7.70 (d, 2H). 7.30 (m. 5H). 6.80 (d, 2H), 
6.52 (m, IH). 5.12 (m, IH). 5.06 (m, 2H), 4.39 (m, IH), 4.00-3.50 (m. 
6H), 1.46 (S.9H). 

4-[2-(Guanido)ethyloxy]benzoyl-2(S)-benzyloxycaitonylamiiio-P- 

alanine (1-8) . . • ^ ^„ — rz TT" 

A solution of U (210 mg, 0.46 mmol), CH2CI2 (3 mL) 

and TFA (3 mL) was stirred at ambient temperature for 30 min 
followed by concentration. Most of the excess TFA was then removed 
azeotropically with toluene. The resulting oil was dissolved m 
DMF/H2O (4 mL; 3:1), treated with DIPEA (0.36 mL, 2.5 nunol) and 
DPFN (0.12 g, 0.65 mmol) and then heated at 60°C for 2 h. The cooled 
reaction mixture was concentrated and the residual H2O removed with 
an ethanol azeotrope. Hash chromatography (silica, 10:0.8:0.8 
ethanol/NH4OH/H20) gave as a white powder. Rf 0.25 (sihca, 
10:1:1 ethanol/NH40H/H20). 

IH NMR (400 MHz, CD3OD) 8 7.53 (d, J=9Hz, 2H), 7.06 (m. 5H), 6.74 
(d, J=9Hz, 2H), 4.81 (m, 2H), 4.03 (m. IH), 3.94 (t, J=5Hz, 2H), 3.48 
(m,2H), 3.36 (t, J=5Hz. 2H). 



20 



H NHCBZ 



SOCI2 
MeOH 



HCl 



.COaCHa 



" NHCBZ 



1£ 



Methyl 3-amino-2(S)-benzyloxycarbonylaminopropionate 

3.ALiino-2(S)-benzyloxycarbonylaminopropionic acid 
25 (Fluka) (5.0 g, 21 .0 mmoles) was suspended in MeOH and at -1 0** 

S0C12 (23 0 mmoles) was added. The reaction mixture was allowed to 
gradually warm to loom temperature over 16 h. The solvem was then 
removed and the resulting solid was trimrated with Et20 to give 

hi- 
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iH NMR (300 MHz, D2O) 5 3.32 (2H, m), 3.52 (2H. m), 3.70 (lH,m), 
3.80 (4a m), 4.59 (IH, m). 5,18 (3H. s), 7.45 (5H, s). 

SCHEME 2 



BOCNH(CH2)20 



1-4 



BOP, NMM, 

CHgCN 



HCI'HgN' 



,C02Bu 



NHS02Ph 



BOCNH(CH2)2- 



O 

II 

CNH- 



,C02Bu 



2:1 



a) TFA. CH2CI2 

b) DMF/H2O. DIPEA, DPFN. eO^C 



NH 

H2N NH(CH2)2-0— 



O 
II 

CNH 



^NHSOzPh 
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L-asparagine 

NaOH. H2O. PhSOzCI 



H NHSOgPh 



NaOH, dioxane, Br2 
0°C to 90°C 



H NHSOgPh 



SOCI2 
CH3OH 



a. isobutylene, 
H2SO4, dioxane 

b. IN HCl/ether 



^ CO2CH3 ,^C02»Bu 
HCI-H2N'^^ HCI.HgN-^ 

H^HSOgPh H NHSOzPh 



2-L 



2d 
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In a Fischer-Porter tube, a mixture of 2zlh (10-2 g. 42 
mmol) and DME (150 mL) was sequentially treated with H2SO4 (6.4 
5 mL. 0.12 mol), cooled to -78''C, and then condensed isobutylene (75 
mL) The cooling bath was removed. After 24 h. ice/water (250 mL) 
was added followed by washing with ether (2x). The aqueous phase was 
basified with aq 6N NaOH, then saturated with NaCl. followed by 
extraction with EtOAc (3x). The combined extracts were washed with 
10 brine, dried (MgS04), and concentrated to give a white solid. Tins was 
dissolved in CH2CI2 and treated with IN HCl/ether (22 mL), and then 
concentrated to give 2=1 as a glassy yellow solid. 
IH NMR (400 MHz. DMSO) 5 8.25-8.00 (m. 4H), 7.85-7.58 (m. 5H), 
4.08 (m, IH). 3.10 (m, IH). 2.73 (m, IH). 1.17 (s. 9H). 

4-[2-(N-BOC-Amino)ethyloxy]benzoyl-2(S)-phenylsulfonylamino-P- 

alayiine tert-biitvl cster (2-1) . — TTTToAn 

To a stirred solution of M (200 mg, 0.71 mmol), 2zl (260 
mg, 0.85 mmol). NMM (313 nL, 2.8 mmol). and CH3CN (4 mL) at 
20 ambient temperature was added BOP reagent (473 mg. 1.1 mmol). 
After 20 h the reaction mixture was diluted with EtOAc and then 
washed with H20. sat. NaHC03, 10% KHSO4 and brine, dned 
(MgS04) and concentrated. Flash chromatography (sihca, 40% 
EtOAc/hexanes) gave 2cl as a white solid. Rf 0.19 (silica. 40% 

25 EtOAc/hexanes). ^ „ „^ , -7 en ia t-oht 9H^ 7 42 

• IH NMR (300 MHz. CD3OD) 5 7.77 (m. 2H), 7.67 (d, J-9Hz, 2H), 7.42 

(m 3H), 6.92 (d, J=9Hz, 2H), 4.02 (m, 3H), 3.59 (dd, IH), 3.42 (dd, 

IH), 3.38 (m, 2H), 1.38 (s, 9H), 1.16 (s, 9H). 

30 4-t2-(Guanidino)ethyloxy]benzoyl-2(S)-phenylsul fonylamino-P-ato^ 

^ A solution of 2=1 (340 mg, 0.64 mmol), TFA (3 mL), and 
CH2CI2 (3 mL) was stirred at ambient temperature for 1.0 h. 
Concentration, followed by azeotropic removal of the residual TFA, 
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with toluene, gave an oil which was dissolved in ^^f^fj^^/^lf 
and then treated with N(i-Pr)2Et(334 ^lL, 1.9 mmol) and DPR^J (193 
mg, 0.95 mmol). This solution was heated at eO^C for 4 h and the 
cooled reaction mixture concentrated. Flash chromatography (sUica 
5 10/0.2/0.2 to 10/1/1 ethanol/NH40H/H20) gave M as a white powder. 
Rf 0.20 (siHca, 10/1/1 ethanoiyNH40Hm20). 7 i8 

1 H NMR (400 MHz, D2O) 5 7.62 (m, 2H), 7.43 (d, J=9Hz, 2H), 7.18 
(m, 3H), 6.93 (d. J=9Hz, 2H), 4.18 (m, 2H), 3.72 (m, IH), 3.55 (m, 
3H),3.19(m, IH). 

10 

To a stiired solution of L-asparagine (Aldnch) (10 g. /o 
mmol), NaOH (3.4 g, 85 mmol), H20 (50 mL), and " ^^0 ^^^^ 
0«C was added PhS02Cl (10.6 mL. 84 mmol). After 1 mm, NaOH (3.4 
15 E) in H20 (50 mL) was added and the reaction mixture stirred for 3U 
' MIN. me reaction mixture was then concentrated to remove dioxane 
then washed with EtOAc. The aqueous phase was then cooled to 0 C 
and acidified to pH 5.0 with cone. HCl to effect Pf ;f^^Pr^^^P^^^^^^^ 
The resulting solid was collected by filtration, washed with H2O (20 
20 mL) and dried at 50°C under vacuum to give N-phenylsulfonyl-L- 
nQnarapine f2-la) as a white solid, 

.R[oTSl£n^O:l:l e*^^^ '"^.^,^235 
D20) 5 7.59 (m, 2H). 7.26 (m. 3H). 3.92 (m, IH), 3.02 (m, IH), 2.35 

(m, IH). 



25 



CO2H 



7, A..,^nn.9rs Vnhe- Yi-"^f^"v^«"^i"°^^Tiionir Rcid (2-lb) 
^ To stirred solution of NaOH (15.6 g, 0.4 mol) m H2O (70 
mL), cooled with an icebath, was added bromine (3.6 mL, 0.07 mol) 
30 dropwise. After 5 min, a cold solution of N-phenylsulfonyl-L- 
' a pa^gine 2=1^ (14.6 g. 54 mmol) and NaOH (4.3 g, 0.1 -1 - "^O 
(50 m£) was added in one portion. THe solution was snrred for 20 mm 
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at 0°C then 30 min at 90''C. The reaction mixture was rccooled to O'^C, 
and the pH adjusted to 7 flirough dropwise addition of cone. HCl. The 
white precipitate formed was collected by filtration and then dried to 
give (2-lb^ as a white soUd. iH NMR (300 MHz, D2O) 6 8.00-7.50 (m, 
5 5H), 3.88 (m. IH), 3.37 (m, IH), 3.12 (m, IH). 

Methyl 3-Amino-2(S)-phenylsulfonylaminopropionate hydrochloride 

OzH ' 

To a stirred solution of 2db (5.0 g, 21 mmol) in CH3OH 

10 (100 mL) at OX was added SOCI2 (7.5 mL, 100 mmol) dropwise. The 

cooling bath was then removed and the solution stirred at ambient 

temperamre for 20 h. Concentration and trituration with ether gave 

2-2 as a white solid. 

iH NMR (300 MHz, D2O) 5 7.82-7.50 (m. 5H), 4.32 (m, IH). 3.40 (m, 
15 IH), 3.32 (s, 3H), 3.10 (m, IH). 

tert-Butyl 3-amino-2(S)-phenylsulfonylaminopropionate hydrochloride 

IZzU ■ 

In a Fischer-Porter tube, a mixture of 2-}b (10.2 g, 42 

20 mmol) and DME (150 mL) was sequentially treated with H2SO4 (6.4 
mL, 0.12 mol), cooled to -78*'C, and then condensed isobutylene (75 
mL). The tube was sealed and the cooling bath was removed. After 24 
h, ice/water (250 mL) was added followed by washing with ether (2x). 
The aqueous phase was basified with aq 6N NaOH, then saturated with 

25 NaCl, foUowed by extraction with EtOAc (3x). The combined extracts 
were washed with brine, dried (MgS04), and concentrated to give a 
white solid. This was dissolved in CH2CI2 and treated with IN 
HCl/ether (22 mL), and then concentrated to give 2il as a glassy yellow 
solid. 

30 1 H NMR (400 MHz, DMSO) 5 8.25-8.00 (m, 4H), 7.85-7.58 (m, 5H), 
4.08 (m, IH), 3.10 (m, IH). 2.73 (m, IH), 1.17 (s, 9H). 
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SOCI2 
MeOH 



HCI 



H NHCBZ 
1^5. 



Methyl 3-ammo-2(S)-benzyloxycaibonylaininopropionate 

^.yHrnrhlon ^^^yjQj^y^j.|jQnyiajninopropionic acid 

(Fluka) (5.0 g, 21.0 mmoles) was suspended in MeOH and at -lO^'C 
S0C12 (1.7 mL. 23.0 mmoles) was added. The reaction mixmre was 
allowed to gradually warm to room temperature over 16 /"je so^^em 
was then removed and the resulting solid was tnturated with Et20 to 

give 

ilf *NMR (300 MHz, D2O) 5 7.45 (s, 5H), 5.18 (s, 3H), 4.59 (m. IH). 
3.80 (m, 4H), 3.70 (m, IH), 3.52 (m, 2H), 3.32 (m, 2H). 
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SCHEME 3 




M 3:2 

NaH, THF. benzylbromide 




I 

Bn 

2:1 



THF, LIAIH4 




I 

Bn 
2d 
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<;rpFMF ^ fCONTD^ 
+ HO-^^COgCHa 

PPh3.THF. DIAD.70°C 



CO2CH3 



N 



Bn 



"9 

I 

Bn 

EDC, NMM, 
DMF, HOBT 




IN NaOH, CH3OH 



2:& 



HCI'HoN' 



,CoJbu 



H NHSOaPh 




N 

1 

Bn 




2il 



CO2BU 



H "NHSOzPh 



2J. 
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N 
Bn 



"9- 

H 



2:1 



TFA. CH2CI2 



^COoH 




H ^NHSOgPh 



lOyoPd/C.CHgOH. Hg 




CNH 



CO2H 
NHSOzPh 



10 



nr<i^7n]-4-vlacetate 

To a suspension of M (5.0 g. 30.7 mmol. Aldnch) in 
ethanol (100 mL) at ambient temperature was added SOCI2 (1 1 2 mL. 
154 mmol) dropwise. After stirring overnight the homogenous solution 
was concentrated and the residue suspended in CH2CI2 and washed with 
sat NaHC03. The sat. NaHC03 was back-extracted with CH2CI2. Ihe 
CH2C12 portions were combined, dried (MgS04), and concentrated to 

eive 3-2 as a pale yellow hquid. . „s . , « , 

IH NMR (300 MHz, CDCI3) 5 7.60 (s, IH). 6.97 (s, IH), 4.10 (q, 2H), 

3.67 (s,2H), 1.24 (t, 3H). 
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P. ^hyl l-Ben7v]imida7 nl-4-vlacetate (3-3) 



A THF (15 mL) solution of 1:2 (3.8 g. 24.6 mmol), was 
added dropwise to a stirred suspension of NaH (1.1 g, 26.5 mmol) in 
THF (25 mL) at 0°C over 30 min. The cooling bath was then removed 
5 and the mixture stirred at ambient temperature for 3 h followed by 
dropwise addition of benzyl bromide (24.6 mmol) over 30 min. After 
20 h the solvent was evaporated and the residue partitioned between 
CH2C12 and H20. The organic phase was washed with H20, dned 
(MgS04), and concentrated. Flash chromatography (silica, 40% 
10 (CHCl3/NH3)/EtOAc) gave 2:2. as a pale yellow oil. Rf 0.15 (silica, 
40% (CHCl3/NH3)/EtOAc)). 

IH NMR (300 MHz, CDCI3) 5 7.52 (s, IH), 7.40-7.10 (m, 5H), 6.87 (s, 
IH), 5.08 (s, 2H), 4.15 (q, 2H), 3.62 (s, 2H), 1.26 (t, 3H). 

^"^^ ^''"'^^''^T^'rstirred'loluti^^ of ^1 (4.6 g, 19 mmol) in THF (50 
mL) at ambient temperature was added LiAlH4 (9.4 mL, 9.4 mmol; IM 
THF solution). After 1.0 h the reaction was quenched with sat. NaK 
tartrate solution. The mixture was poured into a EtOAc/H20 mixture. 
20 The organic portion was washed with brine, dried (MgS04) and 

concentrated to give M as a yellow viscous oil. ..a u 

IH NMR (300 MHz, CDCI3) 6 7.44 (s. IH), 7.40-7.10 (m, 5H), 6.68 (s, 
IH), 5.03 (s, 2H), 3.87 (t, J=6 Hz, 2H), 2.77 (t, J=6 Hz, 2H). 

25 xy^^t Kyi A-r9-n-Rpn7vlimid? ^7o]-4-vnethvloyv1benzoate (3-5j . 

A solution of (152 mg, 1.0 mmol), PPh3 (341 mg, 1.3 
mmol), and THF (20 mL) was treated dropwise with DIAD (256 ^iL, 
1 3 mmol) and M (202 mg, 1.0 mmol) in THF (10 mL) over a 30 mm 
period and then heated at W overnight. After 72 h, the reaction 

30 mixture was concentrated and then subjected to flash chromatography 
(sihca, 40% (CHCl3/NH3)/EtOAc) to give 1:^ as a colorless oil. Rf 
0.16 (silica, 40% (CHCl3/NH3)/EtOAc). 

IH NMR (300 MHz, CDCI3) 5 7.96 (d, J=9Hz, 2H), 7.46 (s, IH), 7.40- 
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7.10 (m, 5H). 6.89 (d. J=9Hz, 2H). 6.74 (s, IH). 5.04 (s, 2H), 4.28 
(t, J=6Hz, 2H), 3.85 (s, 3H), 3.06 (t, J=6Hz. 2H). 

4-r2-n-BenzvIimidazol-4-vnethvloxv1benzoic acid (3-6) 

5 A mixture of M (170 mg, 0.51 mmol), IN NaOH (5 mL), 

and CH3OH (10 mL) was stirred at ambient temperature for 20 h. The 
reaction mixture was cooled to 0°C, neutralized with IN HCl (5 mL), 
and then concentrated. The solid was extracted with CHCI3 and the 
combined extracts concentrated to give ^ as a gelatinous sohd. 
10 iH NMR (300 MHz, CD3OD) 5 7.90 (d, J=9Hz, 2H), 7.67 (s, IH), 7.40- 
7.20 (m, 5H), 6.95 (s, IH), 6.88 (d, J=9Hz, 2H), 5.16 (s, 2H), 4.22 
(t, J=:6Hz, 2H), 2.99 (t, J=6Hz, 2H). 

4-[2-( 1 -Benzyl-imida2ol-4-yl)ethyloxy]benzoyl-2(S)-pheny Isulfonyl- 

15 amino-P-alanine tert-butvl ester (3-7) 

A stirred mixture of M (147 mg, 0.46 mmol), HOBT (94 
mg, 0.61 mmol), 2=1 (154 mg, 0.46 mmol), NMM (100 \lU 0.91 
mmol), and DMF (1 .2 mL) at OX was treated with EDC (1 18 mg, 0.61 
mmol) followed by removal of the cooling bath. The reaction pH was 
20 adjusted to 8 by addition of more NMM. After 20 h the reaction 
mixture was concentrated and the residue purified by to a flash 
chromatography column (silica, 9/0.5/0.5 CH2CI2/CH3OH/ACOH) to 
give 2£I as a yellow solid after azeotropic removal of residual AcOH 
with toluene. Rf 0.48 (silica, 9/0.5/0.5 CH2CI2/CH3OH/ACOH). 
25 iH NMR (300 MHz, CDCI3) 5 7.87 (d, J=:9Hz, 2H), 7.80-7.10 (m, 
1 IH), 6.92 (d. J=9Hz, 2H), 6.75 (s, IH). 6.58 (m, IH), 5.67 (m, IH), 
5.06 (s, 2H), 4.29 (t, J=6Hz, 2H), 3.90 (m, 2H), 3.56 (m, IH), 3.06 (t, 
J=6Hz,2H), 1.29 (s,9H). 

30 4-[2-( 1 -Benzylimidazol-4-yl)ethyloxy]benzoyl-2(S)-phenylsulf onyl- 

amino-P-alanine (3-^) ^ 

A solution of M (252 mg, 0.42 nmiol), TFA (3 mL) and 
CH2CI2 (10 mL) was stirred at ambient temperature for 3 h, followed 
by concentration. Flash chromatography (silica, 9:0.5:0.5 ethanol/ 
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NH4OH/H2O (2x)) gave M as a viscous gum. Rf 0.08 (silica. 9:0.5:0.5 
ethanol/NH40H/H20). „ 
IH NMR (300 MHz, CD3OD) 5 7.99 (s, IH). 7.84 2H) 7.72 (d 2H). 
7.40-7.20 (m, 8H), 7.06 (s, IH), 6.92 (d, J=9Hz, 2H) 5 22 (s, m 4.24 
(t, J=6Hz, 2H), 3.86 (m, IH). 3.68 (dd, IH). 3.53 (dd, IH), 3.03 
(t. J=6Hz, 2H). 

4-[2-(lmidazol-4-yI)ethyloxy]benzoyl-2(S).phenylsulfonylamino-p- 
.hnine (V9^ ^^^^^^ ^^^^^^ ^ ^^^^^ ^^^^ p^^^ 

and 4 4% formic acid/CH30H was stirred at ambient temperature under 
a hydrogen amiosphere (1 ami) for 72 h. The reaction mixture was 
filtered throueh a celite pad and the filtrate concentrated. Flash 

10/1/1 ethanol/NH40H/H20) gave M as a colorless sohd. K{y).ii 
(silica. 5/3/0.5 CH2Cl2/CH30H/32%AcOH). 
IH NMR (400 MHz, CD3OD) 5 7.85 (m. 3H). 7.77 (d, J=9Hz, 2H^^^^ 
(m, 3H). 7.03 (s. IH), 6.97 (d, J=9Hz. 2H), 4.28 (t J=6Hz 2H). 3.77 
(m IH), 3.67 (dd, IH), 3.54 (dd, IH), 3.1 1 (t, J=6Hz, 2H). 



20 
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SCHEME4 

H 

i) KO^Bu. nBuU, EtgO. 

ii) (EtO)2CO 




H 4-1 



DIBAL, CHgClg. -TB^C to RT 
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4-3 

INNaOH.MeOH 




I 

H 



4-4 




■CO2H 



HCI 

= NHS02Ph 
EDC. HOBT. NMM, DMF 



H 4.5 



INLiOH.THF 



NHSOgPh 




NHSOzPh 



iHftl-?.vlace -tate (4-i 1 _ , ^ _ 

2.Methylindole(1.7 g,13mmol) in 130 mL Et20 was 

treated with nBuLi (1.6 M in hexane, 24.4 mL. 39 mmol) and ™ 
(1 0 M in THF, 26 mL, 26 mmol) at RT for 40 min, then diethyl- 
carbonate (3.15 mL, 26 mmol) was added. After 1 h the reaction was 
quenched with water, adjusted to pH 7 with 6N HCI, extracted with 
EtOAc, then the organic layer was washed with water and brine, dned 
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(MgS04), and concentrated. Hash chromatography (silica 10% then 
20% EtOAc/hexane) provided 4ii as a brown oil. 
Rf 0.33 (silica, 20% EtOAc/hexane). 

iH NMR (300 MHz, CDCI3) 5 8.67 (br s, IH). 7.55 (dd, J=8,l Hz, IH), 
5 7.35 (dd, J=8. 1 Hz, IH). 7.20-7.05 (m, 2H), 6.35 (m, IH), 4.21 (q, J=7 
Hz, 2H), 3.83 (s, 2H), 1.30 (t, J=7 Hz, 3H). 

9-nndnl-2-vne thannl (A-l) _ 

Ester 4J. (0.54 g, 2.6 mmol) was- dissolved in 13 mL 

10 CH2CI2 at -78°, and DIBAL (1 M in CH2CI2. 5.8 ml, 5.8 mmol) was 
added dropwise. The mixture was stirred at -78** for 15 min then 
warmed to RT for 30 min and quenched in sat. aqueous Na/K tartrate. 
This solution was extracted with EtOAc. The organic layer was washed 
with brine, dried (Na2S04), and concentrated. Flash chromatography 

15 (silica 50% EtOAc/hexane) provided 4i2 as a brown oil. 
Rf 0.38 (silica, 50% EtOAc/hexane). 

iH NMR (300 MHz, CDCI3) 5 8.43 (br s, IH), 7.54 (dd, J=8, 1 Hz, 
IH), 7.32 (dd, J=8, 1 Hz, IH), 7.20-7.05 (m, 2H), 6.29 (m, IH), 3.9 (q, 
J=5 Hz, 2H), 3.02 (t, J=5 Hz, 2H). 

20 

Mfithvl 4-r2-fTndnl-2-vneth vlnvv1bP-n7nate (4-3) 

Alcohol 4:2 (136 mg, 0.84 mmol), phenol 1:2 (128 mg, 
0.84 mmol) and Ph3P (277 mg, 1.06 mmol) were combined in 8 mL 
THE, and a solution of DIAD (0.22 mL, 1.1 mmol) in 5 mL THE was 
25 added dropwise during 1 .5 h. After 2.5 h the mixture was diluted with 
■ EtOAc, washed with water/brine, IN NaOH, and brine, dried (MgS04), 
and concentrated. Flash chromatography (siHca 15% EtOAc/hexane) 

provided 4:2. as an oil. 
Rf 0.14 (silica, 15% EtOAc/hexane). 
30 iH NMR (300 MHz, CDCI3) 5 8.25 (br s, IH), 8.01 (dd, J=9 Hz. 2H), 
7.55 (dd, J=8, 1 Hz, IH). 7.34 (dd, J=8, 1 Hz, IH). 7.20-7.05 (m, 2H), 
6.97 (d. J=9 Hz, 2H), 6.34 (m, IH), 4.34 (t, J=6 Hz, 2H), 3.89 (s, 3H), 
3.28(t,J=6Hz.2H). 
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/l-[7-rTndol-9-vnethvlo Tcv1henzoic acid (4-4) 



Ester 4rl (150 mg, 0.51 mmol) and IN NaOH (1.3 mL, 1.3 
mmol) were combined in 10 mL MeOH. After 16 h additional IN 
NaOH (5 mL, 5 mmol) was added, and 7 h later, 5 mL more IN NaOH. 
5 After a total of 2 d the mixmre was heated at 50° for 1 h, then 

concentrated, ledissolved in H2O, washed with EtOAc, and the pH of 
the aqueous layer was adjusted to 1 with 20% KHSO4. This was 
extracted with EtOAc, and this organic layer was washed with brine, 
dried (MgS04) and concentrated, providing 44 as a gray solid. 
1 0 Rf 0.48 (silica, EtOAc). 

IH NMR (300 MHz, CD3OD) 5 7.96 (d, J=9 Hz, 2H), 7.42 (ds J=8 Hz, 
IH), 7.29 (dd, J=8, 1 Hz, IH), 7.02 (d, J=9 Hz, 2H), 7.03-6.93 (m. 2H), 
6.27 (s, IH), 4.37 (t. J=7 Hz, 2H), 3.25 (t, J=7 Hz, 2H). 

15 4.[2-(Indol-2-yl)ethyloxy]benzoyl-2(S)-phenylsulfonylamino-p-alanine 

mPthyl ftster (4-5) — . _ ■ — " 

Acid 4=4 (100 mg, 0.36 mmol), amine 2zl (105 mg, 0.30 
mmol), EDC (88 mg., 0.46 mmol), HOBT (62 mg, 0.46 mmol) and 
NMM (137 \lU 1.2 mmol) were combined in 2 mL DMF. After 16 h 
20 the mixture was diluted with EtOAc, washed with water, sat. NaHCOs, 
5% KHSO4, and brine, dried (MgS04) and concentrated. Hash 
•chromatography (silica, 65% EtOAc/hexane) provided 4=S as an oil. 
Rf 0.32 (silica, 65% EtOAc/hexane). 

IH NMR (300 MHz, CDCI3) 5 8.41 (br s, IH), 7.83 (d, J=7 Hz, 2H), 
25 7 74 (d J=9 Hz, 2H), 7.60-7.43 (m, 4H), 7.34 (dd, J=8, 1 Hz. IH). 7.20- 
7 02 (m, 2H), 6.93 (d, J=9 Hz. 2H), 6.72 (br t, IH) 6.34 (m, IH), 5.87 
(d. J=8 Hz, IH), 4.28 (t, J=6 Hz. 2H), 4.05 (m, IH), 3.86 (m IH), 3.67 
(m, IH), 3.60 (s, 3H), 3.26 (t, J=6 Hz, 2H). 

30 4-[2-(Indol-2-yl)ethyloxy]benzoyl-2(S)-phenylsulfonylamino.p-alanine 

Ester 4,^ (147 mg, 0.28 mmol), and 1 U LiOH (0.70 mL, 
0.70 mmol). weie combined in 3 mL THF. After 16 h the mixture was 
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concentrated and purified by flash chromatography (silica, 33:20:1:1 
EtOAc/EtOH/NH40H/H20) providing 4=6 as a white solid. 
Rf 0.33 (silica. 33:20:1:1 EtOAc/EtOH/NH40H/H20). 
IH NMR (300 MHz, DMSO) 5 8.46 (br s, IH), 7.77 (d, J=7 Hz, 2H), 
5 7.7 1 (d, J=9 Hz, 2H), 7.60-7.46 (m, 3H). 7.41 (d, J=8 Hz, IH). 7.29 (d, 
J=8 Hz. IH). 7.02 (d, J=9 Hz, 2H), 7.02-6.86 (m, 4H), 6.26 (br s,lH), 
4.35 (t, J=7 Hz, 2H), 3.60-3.20 (m), 3.19 (t, J=7 Hz, 2H). 



SCHEMES 



HO 




CO2H 



^ HChHgN X 




EDC, HOBT, DMF, NMM 



HO 




H2N^V^^C02Et 




LiAIH4, ether 




OH 



5:4 



10 
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NHSOgPh 



PPhg. DEAD.THF 



O 

II 



VT-/ H NHSOzPh 



5:5 



triethylsilane 
TFA, CH2CI2 



C02H 

NHSOzPh 
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4-Hydroxybenzoyl-2(S)-phenylsulfonylamino-p-alanme tert-butyl ester 

i5z21 ^ ■ 

To a stirred solution of 5ii (0.41 g, 2.9 mmol; Aldnch), 

2zi (1.0 g, 2.9 mmol), HOBT (0.52 g, 3.9 mmol) NMM (0.65 mL, 5.9 
5 mmol), and DMF (15 mL) at O^'C was added EDC (0.74 g, 3.9 mmol) 

followed by removal of the cooling bath. After 20 h, the reaction 

mixture was diluted with EtOAc and then washed with H20 (2x), sat. 

NaHC03, 5% KHSO4 and brine, dried (MgS04), filtered and 

concentrated. Flash chromatography (silica, 60% to 80% 
1 0 EtO Ac/hexanes), then redissolving in EtO Ac, washing with water (2x) 

and brine, drying, filtering and concentrating gave 5^ as a white foam. 

Rf 0.38 (sihca, 60% EtOAc/hexanes). 

iH NMR (300 MHz, CDCI3) 5 7.86 (m, 2H), 7.72 (d, J=9Hz, 2H), 7.53 
(m, 3H). 6.87 (d, J=9Hz, 2H), 6.62 (m, IH), 5.63 (d, J=7H2, IH), 5.42 
15 (m, IH), 3.90 (m, 2H), 3.55 (m, IH), 1.29 (s, 9H). 

l-ri-AminothiaroM-vne thanol (5-4') . 

To a stirring suspension of ^ (2.0 g, 10.7 mmol; Fluka) 

in ether (54 mL) at ambient temperature was added LiAlH4 (16.1 mL, 
20 16.1 mmol; IM/THF) dropwise. After complete addition, the reaction 

mixture was stirred for 30 min and then quenched by sequential 

addition of H2O (0.61 mL), 15% NaOH (0.61 mL), and H2O (1.83 

mL). The reaction mixture was filtered through a celite pad and the 

filtrate concentrated to give i:i as a brown oil. 
25 Rf 0.26 (sihca, 5:1:1 CH2CI2/CH3OH/ACOH). 

iH NMR (400 MHz, DMSO) 5 6.81 (s, IH), 3.76 (t, J=6Hz, 2H), 2.88 

(t,J=:6Hz,2H). 

4-[2-(2-Aminothiazol-4-yl)ethyloxy]benzoyl-2(S)-phenylsulfonylamino- 

30 P-alanine ter t->'iitv1 ester (5-5) _ 

To a stirred solution of ^ (0.14 g, 0.32 mmol) and PPh3 
(0.1 Ig, 0.41 mmol) in THF (2 mL) at ambient temperature was added a 
solution of 5=4 (56 ^lg, 0.39 mmol) DEAD (67 \lU 0.42 mmol) in THF 
(2 mL) dropwise over a 15 min period. After 72 h, the reaction 
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mixture was diluted with EtOAc and then washed with H20, sat. 
NaHC03 10% KHSO4 and brine, dried (MgS04) and concentrated. 
After two flash columns: silica, 85% EtOAc/hexanes; silica. 5% to 
30% isopropanol/CHCl3), was obtained as a yellow oil. Rf U.iy 
(silica, 85% EtOAc/hexanes). 

IH NMR (400 MHz, CDCI3) 5 7.86 (m, 2H), 7.73 (d, J=9Hz, 2H). 7.52 
(m, 3H), 6.92 (d, J=9Hz, 2H), 6.67 (m, IH), 6.22 (s IH). 5^81 (m IH), 
5.5 (m, 2H), 4.24 (t, J=6Hz, 2H), 3.90 (m, 2H), 3.56 (m, IH). 3.02 
(t,J=6Hz,2H), 1.28 (S.9H). 

4.[2-(2-Aminothiazol-4-yl)ethyloxy3benzoyl-2(S)-phenylsulfonylamino- 

p.fil?inine ^^^^^^^ of ^{33 mg, 60 jimol), CH2CI2 (0.5 

mL), and triethylsilane (24 ^L, 0.15 mmol) at ambient temperature was 
treated with TFA (0.5 mL). After 4 h, the solution was concentrated 
and the residual TFA removed azeotropically wi* toluene. Flash 
chromatography (silica, 10:0.1:0.1 ethanol/NH40H/H20) gaveM as a 

"™ (400 MHz, D20 ^ DCl) 5 7.49 (m, 2H). 7.30 (d, J=9H. 2H), 
7.08 (m, 3H). 6.73 (d, J=9Hz, 2H), 4.1 1 (t, 2H), 3.97 (m, IH). 3.50 (m, 
IH), 3.38 (m. IH). 3.20 (m. IH) 2.82 (m, 2H). 
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H2N(CH2)40H 



6-1 



N-Cbz-L-tyroslne 
6-3 



BOC2O. DMF, NEtg 



BOCNH(CH2)40H 
6-2 



BOCNH(CH2)4< 



BOCNH(CH2)4 



CS2CO3. DMF, CH3I 
,0H 




* H 

CbzNH^ "CO2CH3 

6-4 

DEAD, PPha, THF 




CO2CH3 



NHCbz 



6-5 



H2.10%Pcl/C. EtOAc 




CO2CH3 



6-6 
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6-6 



CH2CI2. pyridine. PhSOgCI 



BOCNH(CH2), 




CO2CH3 



NHSOgPh 



6-7 



1N NaOH, ethanol 



BOCNH{CH2)4' 




6-8 



a) TFA/CH2CI2 

b) DI^F/HzO. N(i-Pr)2Et. DPFN 



NH 

X 

H2N'^NH(CH2)4' 




6-9 



CO2H 
NHS02Ph 
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To a stirred solution of M (Aldrich) (5.0 g, 56 mmol), 
NEt3 (1 1.7 mL. 84 mmol), and DMF (150 mL) at O'^C was added 
BOC2O (14.7 g, 67 mmol) followed by removal of the cooling bath. 
After 1.0 h. the solution was diluted with EtOAc and then washed with 
10% KHSO4 and brine, dried (MgS04) and concentrated to give 6z2 as 
a colorless oil. 

iH NMR (300 MHz. CDCI3) 5 3.68 (m, 2H), 3.15 (m, 2H), 1.60 
(m, 4H), 1 .47 (s, 9H). 



N-rh7-L-TvrnRine meth vl ester (6-4) 



A suspension of Cs2C03 (0.65 g, 2.0 mmol), N-Cbz-L- 
tyrosine (1.3 g, 4.0 mmol; Bachem) and DMF (40 mL) at ambient 
temperature was treated wnth methyl iodide (0.5 mL, 4.0 mmol). After 
1 5 2.0 h the reaction mixture was diluted with EtO Ac and then washed 
with H2O and brine, dried (MgS04) and concentrated. Flash 
chromatography (silica, 25% EtOAc/hexanes) gave ^ as a white solid. 
Rf 0.53 (silica, 50% EtOAc/hexanes). 

20 Methyl 2(S)-(N-Benzyloxycarbonylamino)-3-[4-(4-N-Boc-amino- 

hutvloxv^^phftnyllprop innate (6-5> _ 

To a stirred solution of 6=4 (500 mg, 1.5 nunol), PPh3 
(0.5 g, 1 .9 mmol) and THF (10 mL) was added a solution of ^ (430 
mg. 23 mmol), DEAD (326 mg. 1.9 mmol), and THF (10 mL) 

25 dropwise over a 30 min period. After 2.0 h the solution was diluted 
with EtOAc and then washed with H2O, IN NaOH, 10% KHSO4 and 
brine, dried (MgS04) and concentrated. Flash chromatography (silica, 
25% EtOAc/hexanes) gave M as a white solid. Rf 0.50 (sihca, 50% 

EtOAc/hexanes). , 
30 1 H NMR (300 MHz, CD3OD) 5 7.22 (m, 5H). 7.02 (d. J=9Hz, 2H). 6.72 
(d J=9H, 2H). 4.97 (m, 2H), 4.34 (m, IH). 3.89 (m. 2H), 3.63 (s, 3H), 
3.02 (m. 2H), 3.01 (m. IH), 2.81 (m, IH), 1.73 (m, 2H), 1.62 (m, 2H), 
1.47 (s,9H). 
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Methyl 2(S)-amino-3-[4-(4-N-Boc-aminobutyloxy)phenyl]propionate 16, 

^ A mixture of §=1 (500 mg, 0.99 mmol), 10% Pd/C (250 

mg) and EtOAc (5 mL) was stirred under a hydrogen atmosphere (1 

5 atm) at ambient temperamre for 1 .0 h. The reaction mixture was Aen 
filtered through a celite pad and the filtrate concentrated to give tit as a 
yellow solid. RfO.36 (silica, 10:1:1 CH2C12/CH30H/ACOH). 
IH NMR (300 MHz, CD3OD) 5 7.02 (d. J=9Hz. 2H), 6.80 (d, J=9Hz. 
2H), 3.90 (m, 2H), 3.63 (s. 3H), 3.03 (m, 2H), 2.85 (m. 2H), 1.73 

10 (m, 2H), 1 .62 (m, 2H), 1 .47 (s. 9H). 

Methyl 2(S)-phenylsulfonylamino-3-[4-(4-N-Boc-aminobutyloxy)- 

^^''"^'^^^^^To^asti^y Solution of ^ (350 mg, 0.95 mmol). CH2C12 
1 S (5 mL). and pyridine (229 ^L. 3.0 mmol) at OX was added phenyl- 
sulfonyl chloride (145 nU 1.2 mmol), followed by removal of tfie 
cooling bath. After 20 h the reaction mixmre was diluted wifli EtOAc 
and then washed with H2O, sat. NaHC03. 10% KHSO4 and bnne, dned 
(MgS04) and concentrated. Flash chromatography (sihca, 30% 
20 EtO Ac/hexanes) gave ^ as a colorless oil. Rf 0.3 1 (silica, 30% 

EtOAc/hexanes). „ 
IH NMR (300 MHz. CD3OD) 5 7.25-7.00 (m, 5H), 6.52 (d, J-9Hz, 
2H). 6.30 (d, J=9Hz, 2H), 3.58 (m, IH). 3.50 (t, 2H), 2.97 (s. 3H), 2^67 
(t. 2H). 2.45 (dd, IH). 2.32 (dd, IH). 1.32 (m, 2H). 1.21 (m, 2H). 1.01 
25 (s,9H). 

2(S)-Phenylsulfonylamino.3-[4-(4-N-Boc-aminobutyloxy)phenyl]- 

rrrrn-r ^'^J^^^^^^^^ of ^ (350 mg, 0.69 mmol), IN NaOH (1.5 
30 mL), and ethanol (3.5 mL) was stirred at ambient temperature for 1 .0 
TThe solution was then acidified with 10% KHSO4 
EtOAc. The EtOAc portion was washed with brine, dned (MgS04) and 
concentrated to give 6;^ as a white solid. 
Rf 0.71 (sihca. 10:1:1 CH2CI2/CH3OH/ACOH). 
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iH NMR (300 MHz. CD3OD) 5 7.60-7.30 (m, 5H). 6.92 (d. J=9Hz, 
2H), 6.63 (d, J=9Hz, 2H), 3.87 (m, 3H), 3.02 (t, 2H), 2.88 (dd. IH), 
2.68 (dd, IH), 1.70 (m, 2H), 1.58 (m, 2H), 1.45 (s, 9H). 

5 2(S)-Phenylsulfonylammo-3-[4-(4-guaiiidobutyloxy)phenyl]propionic 

acid (6-9) 

A solution of M (300 mg, 0.60 mmol), TFA (3 mL), and 
CH2CI2 (3 mL) was stirred at ambient temperature for 1.0 h. The 
solution was concentrated followed by azeotropic removal of the 

10 residual TFA with toluene. The residue was dissolved in 1 :1 DMF/H2O 
(3.0 mL) and then treated with N(i-Pr)2Et (316 ^iL, 1.8 mmol) and 
DPFN (1.33 mg, 0.91 mmol). After heating at 40X for 2.0 h the 
reaction mixture was concentrated. Flash chromatography (silica, 
10/0.1/0.1 to 10/1/1 ethanol/NH40H/H20) gave M as a white solid. 

1 5 Rf 0.33 (silica, 1 0: 1 : 1 ethanol/NH40H/H20). 

iH NMR (400 MHz, CD3OD) 5 7.75-7.45 (m, 5H), 7.06 (d, J=9Hz, 
2H), 6.78 (d, J=9Hz, 2H), 4.02 (m, 3H), 3.30 (m, 2H), 3.00 (dd, IH), 
2.79 (dd, IH), 1.77 (m, 4H). 
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SrHEME? 




N(i-Pr)2Et. DMF/H2O. DPFN 



NH 



HoN NH — (CH2)rO 




CO2H 



NHCbz 



7-2 



5 2-S-(N-Benzyloxycaibonylamino)-3-[4-(5-guaiiidopentyloxy)- 

phpnynprnpior-^-i J^^^^^ ^ ^^^^ ^ ^^^^ 

.. preparation see Duggan, et M, European ^iWijatio" 478362) 

diisopropylethylamine (0.6 mL. 3.4 mmol), DMF (4 mL), and H2O (1 
10 mL) was treated with 3,5-dimethyl-l-pyra2olylformaminidium mtrate 

(DPFN) (0.68 g, 3.4 mmol) then heated at 60^0 for 20 h. 

Concentration followed by flash chromatography (siUca, ethanoV 

NH4OH/H2O 10:0.3:0.3) gave 12 as a white solid. 

Rf 0.59 (silica, 10:1:1 ethanol/NH40H/H20). 
15 IH NMR (400 MHz, CD3OD) 5 7.30 (m, 5H), 7.07 (d. 2H), 6.73 

(d, 2H), 5.07 (d, IH), 4.98 (d, IH), 4.21 (m, IH), 3.96 (t, 2H). 3.16 

(t 2H), 3.08 (dd, IH), 2.89 (dd, IH), 1.80-1.50 (m, 6H). 
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SCHEMER 



H2N(CH2)30H 

BOCgO 



BOCNH(CH2)30H 



THF. PhaP. DEAD. !:£ 



BOCNH(CH2)30 




CO2CH3 



INNaOH 



BOCNH(CH2)30 




CO2H 

BOP, NMM, CH3CN, 2lL 



O 
II 



/F^ II ^^N^COz^Bu 
BOCNH(CH2)30— <^_^CNH'^ H^NHS02Ph 
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grvp>iF 8 (cnm'D) 



a) TFA, CHoClg 

b) DMF. H2O. DIPEA. DPFN. BO'C 



HN 



HoN 



>-NH-(CH2)3' 




11 /v^COzH 

H NHSOzPh 



5 ^-(N-BOC-Amino^roDa nol (8-2) ,.u\n^ 
To a stirred solution of 3-aminopropanol M (Aldnch) (15 
g 0 2 mol), NEt3 (42 mL, 0.3 mol) and DMF (400 mL) at O^C was 
added BOC20 (52 g, 0.24 mol). After stirring at 0°C for 6 h ttie 
reaction mixture was diluted with ether and then washed with H2O (2x), 
10 sat. NaHC03, 5% KHSO4 and brine, dried (MgS04) and concentrated 
to give 8^ as a colorless oil. 
TLC Rf 0.42 (silica, 20% EtOAc/hexanes); 
IH NMR (300 MHz, CDCI3) 5 3.68 (t, J=7 Hz, 2H), 3.30 (t, J=7 Hz, 
2H), 1.69 (m,2H), 1.45 (S.9H). 

\A.fh y\ A-r^-N- P <^r--AminnnropvloTv)ben7.oate (8-3) 

Following the procedure for couplmg id to 1:2, JSii U 
o 79 mmol) was coupled to hi (8.0 g. 53 mmol) to give 8;^ as a 
yellow oil after flash chromatography (sihca, 5% EtOAc/hexanes). 
20 TLC Rf=0.38 (silica, 20% EtOAc/hexanes); , , ^ u 

IH NMR (300 MHz, CDCI3) 5 8.00 (d, J=9 Hz, 2H), 6.92 (d, J=9 Hz. 
2H), 4.70 (m, IH), 4.08 (m, 2H), 3.88 (s, 3H), 3.33 (m, 2H), 2.00 (m, 
2H), 1.46(s.9H). 
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4-n-N-ROC-AminQprnpvloxv^b ftn7nir. acid (^-A) 

A solution of M (16 g, 52 irnnol), IN NaOH (100 mL), 
and ethanol (150 mL) was stirred at ambient temperature for 20 h. The 
reaction mixture was acidified with 10% KHSO4 and then extracted 
5 withEtOAc. The EtO Ac portion was washed with brine, dried 

(MgS04) and concentrated. Trituration of the residue with ether gave 
R-4 as a white solid. 

IH NMR (300 MHz. CD3OD) 5 7.87 (d, J=9 Hz, 2H). 6.88 (d, J=9 Hz, 
2H), 3.98 (t, J=6 Hz, 2H), 3.15 (t, J=6 Hz, 2H), 1.86 (m, 2H), 1.33 (s, 
10 9H). 

4-[3-(N-BOC-Amino)propyloxy]benzoyl-2(S)-phenylsulfonylamino-p- 

?]wm tm-bi^tvi ester f8-g) 

Following the procedure for coupling 1:4 to 2ii. Sii (300 
15 mg, 1 .0 mmol) was coupled to 2zi (372 mg, 1.2 mmol) to furnish M 
as a coloriess oil after flash chromatography (silica, 50% EtO Ac/ 
hexanes). 

TLC Rf 0.33 (silica, 50% EtOAc/hexanes); 

iH NMR (300 MHz, 10% CD3OD/CDCI3) 5 7.8 (m, 2H), 7.76 (d, J=9 
20 Hz, 2H), 7.51 (m, 3H). 6.92 (d, J=9 Hz, 2H), 4.10 (m, 2H), 4.00-3.60 
(m, 3H), 3.32 (m, 2H). 2.00 (m, 2H), 1.45 (s, 9H), 1.28 (s, 9H). 

4-(3-Guanidopropyloxy)benzoyl-2(S)-phenylsulfonylamino-P-alanine 

LM^ 

25 Following the procedure for converting 2i2. to 2=^, ^ 

(300 mg, 0.55 mmol) furnished M as a white solid after flash 

chromatography (silica, 10:1:1 ethanol/H20/NH40H). 

TLC Rf 0.28 (silica, 10:1:1 ethanol/H20/NH40H); 

iH NMR (400 MHz, D2O) 5 7.65 (m. 2H), 7.43 (d, J=9 Hz, 2H), 7.24 
30 (m, 3), 6.90 (d. J=9 Hz, 2H), 4.13 (m, IH), 4.10 (m, 2H), 3.68 (m, IH), 

3.52 (m, IH), 3.40-3.25 (m, 3H), 2.00 (m, 2H). 
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SCHEME9 



BOCNH(CH2)30 



Bu 
NHSOgPh 



TFA. CH2CI2 



TFA 



O 

. H2N(CH2)30-HQ>^NH"^nHSO^ 



2^ NH 

'HCI 

i-PrO'^'^H 
NaOH. H2O 



H O 
HNf^ N(CH2)30--<Pr^ NHO<NH'sO.Ph 
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4.(3-Aminopropyloxy)benzoyl-2(S)-phenylsulfonylamino-P-alanine 

tr^ fliinrnacet ate (9-n _ — ; 

(497 mg, 1 .04 mmol) in 5 mL CH2CI2 was treated with 
5 mL TFA at 0° for 30 min then RT for 10 min. Concentration 
provided 2il as a yellow oil. 
Rf 0.52 (silica, 10:1:1 ethanol/NH40H/H20). 
iH NMR (400 MHz, CD3OD) 5 7.9-7.6 (m, 4H) 7.55-7.45 (m, 3H), 
7.02 (d, 2H), 4.18 (t, 2H), 3.70 (m, IH), 3.48 (m, IH), 3.16 (t, 2H), 
3.05, (m, IH), 2.16 (qn, 2H). 

4-[3-(Formamidino)propyloxy]benzoyl-2(S)-phenylsulfonylamino-P- 

alanine (9-2) . — . — 

The TFA salt 2J. (80 mg, 0. 1 9 mmol) was dissolved m 
water at 0° and the pH of the solution was adjusted to 9 by addition of 

15 IN NaOH. Isopropyl formimidate hydrochloride (130 mg, 0.95 mmol) 
was added in two portions 10 min apart maintaining pH 9 with 
additional IN NaOH. After 60 min at 0° the reaction was warmed to 
RT for 90 min, then lyophylized. Preparative HPLC (C-18, 0.1 % TFA 
H2O/CH3CN) provided 2=2 as a white solid. 

20 IH NMR (400 MHz, D2O) 7.81 (s, IH), 7.77 (d, J=7 Hz, 2H), 7.60 (d, 
J= 9 Hz, 2H), 7.46-7.35 (m, 3H), 7.05 (d, J-9 Hz, 2H), 4.23 (t, J=6 Hz, 
2H), 3.91 (dd, J=10, 4 Hz, IH), 3.68 (dd, J=14, 4 Hz, IH), 3.56 (t, 
J=6Hz, 2H), 3.40 (dd, J=14, 10, IH), 2.19 (qn, J=6 Hz, 2H). 
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.S^HRME 10 

BOCNH{CH2)30H * HO-^jhCOzCHg 
B.2 io-1 Aldrlch 

THF. PhaP. DEAD 

BOCNH{CH2)30 — ^Jy-COgCHa 
10-2 

INNaOH.ethanol. BO^C 

CHaO^ 

BOCNH(CH2)30 — ^^^COgH 
10-3 

BOP. NMM, CH3CN. 2J. 

BOCNH{CH2)30--^^CNI+'''^j^^|q^P^ 

a) TFA/CH2Cl2 . ^ 

b) DMF/H2O, DIPEA, pyrazole-1- 
carboxamidine • HCI (PCA« HCI) 

HN 11 ^^v^C02H 

NH(CH2)30--<(JrCNH H^NHSOsPh 
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Following the procedure for coupling Id to H, &z2 (2.8 
g, 16.1 mmol) was coupled to IM (Aldrich) (1.9 g, 10.7 mmol) to give 
10.2 as a colorless oil after flash chromatography (silica, 20% 
EtOAcAiexanes). 

TLC Rf 0.18 (silica, 20% EtOAc/hexanes); 
iH NMR (300 MHz, CDCI3) 5 7.70 (dd, J=9 and 2 Hz, IH), 7.57 (d, 
J=2 Hz, IH). 6.89 (d, J=9 Hz, IH), 5.52 (m, IH), 4.17 (m, 2H), 3.96 (s, 
3H), 3.92 (s, 3H), 3.40 (m, 2H), 2.08 (m, 2H), 1.48 (s. 9H). 

■ •>r-aminopr"pvloxv'>b ''"-^"^f^ at'id (10-31 
A solution of (3.5 g, 10.2 mmol), IN NaOH (20 mL) 
and ethanol (30 mL) was heated at 60«C for 2.0 h. The cooled reaction 
mixture was acidified with 10% KHSO4 and extracted with EtOAc. 
The organic portion was washed with brine, dried (MgS04) and 
concentrated. The residue was triturated with Et20 and filtered to give 

10-3 as a white solid. , « n an (a 

IH NMR (400 MHz, CD3OD) 5 7.68 (dd, J=9, 2 Hz, IH), 7.60 (d, J-2 
Hz, IH), 7.02 (d, J=9 Hz, IH), 4.15 (m, 2H), 3.92 (s, 3H), 3.30 (m, 2H), 
2.03 (m,2H). 1.47 (s,9H). 

3-Methoxy-4-[3.(N-BOC-amino)propyloxy]benzoyl-2(S)-phenyl- 

^"'^""^'^"^Volbwing the procedure for coupling 14 to M. 10:1 (230 
mg, 0.71 mmol) was coupled to 2il (215 mg, 0.71 mmol) to give IM 
as a white solid after flash chromatography (silica, 50% 
EtOAc/hexanes). 

TLC Rf 0.3 1 (silica, 50% EtOAc/hexanes); 
IH NMR (300 MHz, CD3OD) 5 7.80-7.30 (m, 7H), 6.93 (d, J=9 Hz, 
IH), 6.61 (m, IH), 4.05 (m, 3H), 3.82 (s, 3H), 3.61 (m, IH), 3.43 (m, 
IH), 3.22 (m, 2H), 1.92 (m, 2H), 1.47 (s, 9H), 1.18 (s, 9H). 
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3-Methoxy-4-[3-guanidinopropyloxy]benzoyl-2(S)-phenylsulfonyl- 

^mino-p-a lanine (\0-5) 

A solution of IM (350 mg, 0.61 mmol), TFA (3 mL) and 
CH2CI2 (3 mL) was stirred at ambient temperature for 3.0 h. The 
5 reaction mixture was concentrated and the residual TFA removed 
azeotropically with toluene. The residue was dissolved in DMF (1.5 
mL) and H2O (1.5 mL) and treated sequentially with DIPEA (317 
1.8 mmol) and pyrazole-l-carboxamidine-HCl (PCA-HCl) (134 mg, 
0.92 mmol). After 20 h at ambient temperature the reaction mixture 
10 was concentrated. Flash chromatography (silica, 10:1:1 
ethanol/NH40H/H20) gave as a white sohd. 
TLC Rf=0.18 (silica. 10:1:1 ethanol/NH40H/H20); 
iH NMR (400 MHz, CD3OD) 5 7.90-7.40 (m, 7H), 7.08 (d. J=9 Hz, 
IH), 4.27 (m, IH), 4.22 (m, 2H), 3.96 (s, 3H), 3.82-3.45 (m, 4H), 2.15 
15 (m. 2H). 
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BOCNH(CH2)30H 
5:1 



SCHEME 11 

m 

THF, PhgP, DEAD 



BOCNH(CH2)30 




CO2CH3 



1 N NaOH 
ethanol, 60° 



BOCNH(CH2)30 




CO2H 



BOP. NMM, CH3CN, 2zL 



BOCNH(CH2)3' 



a. TFA, CH2CI2 

b. DMF/H2O. DIPEA, PCA'HCI 



NH 

H2N'^NH{CH2)30HO 




H'^NHS02Ph 



11-5 
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Following the procedure for coupling hi to 1^2* S;2 (2.8 
g, 16.1 mmol) was coupled to iiJ. (Aldrich) (1.6 g, 10.7 mmol) to give 
] \.2 as a colorless oil after flash chromatography (silica, 15% 
EtOAc/hexanes). 

TLC Rf 0.28 (silica, 15% EtOAc/hexanes); 

IH NMR (400 MHz, CD3OD) 5 7.62 (m, IH). 7.56 (m, IH), 7.40 (m, 
IH), 7.19 (m, IH). 4.09 (m, 2H), 3.93 (s, 3H), 3.27 (m. 2H). 1.99 (m. 
2H), 1.47(s.9H). 

;^-f'^-N-BOC-Aminopro pvlnxv'>ben7oir. acid (11-3) — _ — 

A solution of 1L2 (3.3 g, 10.7 mmol). IN NaOH (30 mL) 
and ethanol (50 mL) was heated at 60°C for 20 h. The cooled reaction 
mixture was acidified with 10% KHSO4 and then extracted with EtOAc. 
The organic portion was washed with brine, dried (MgS04) and 
concentrated to give IM as a white soUd. 

IH NMR (300 MHz, CD3OD) 5 7.63 (m, IH), 7.58 (m, IH), 7.40 (m, 
IH), 7.18 (m, IH), 4.08 (m.2H), 3.27 (m, 2H), 2.00 (m. 2H), 1.47 (s, 
9H). 

3.[3-(N-BOC-Aminopropyloxy)]benzoyl-2(S)-phenylsulfonylamino-p- 

^lanine teTt- V'"tyl pster (11-4') . — 

Followmg the procedure for coupling id to 2A, XhA 
(2.86 mg, 1.0 mmol) was coupled to 2=i (296 mg. 1.0 mmol) to give 
1M as a colorless oil after flash chromatography (silica. 50% 
EtOAc/hexanes). 

TLC Rf=0.27 (silica. 50% EtOAc/hexanes); 
IH NMR (300 MHz, CD3OD) 5 7.67 (m, 2H). 7.32 (m. 3H). 7.13 (m. 
3H). 6.91 (m, IH). 4.03 (m. IH), 3.95 (m. 2H). 3.55 (m, IH), 3.39 (m, 
30 IH), 3.12 (m. 2H). 1.88 (m. 2H). 1.32 (s. 9H). 1.16 (s, 9H). 
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3-[3-(Guanidino)propyloxy]benzdyl-2(S)-phenylsulfonylamino-p- 

alanine (11-5^ . 

Following the procedure for converting 10-4 to 10-5, Ibl 
(350 mg. 0.64 mmol) was heated at 40'*C for 3.0 h to give Ihl as a 
5 white solid after flash chromatography (silica, 10:1:1 ethanol/ 
NH4OH/H2O). 

TLC Rf=0.28 (silica, 10:1:1 ethanol/NH40H/H20); 
iH NMR (400 MHz. CD3OD) 5 7.77 (m. 2H), 7.60-7.25 (m, 6H), 7.18 
(m, IH), 4.28 (m, IH), 4.18 (m. 2H), 3.73 (m, IH), 3.56 (m, IH), 3.47 
10 (m, 2H),2.13 (m, 2H). 
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SCHRME 12 



BOCNH(CH2)20 




HCI, dioxane 



HC|.H2N(CH2)20-(^)— CNhO5<nHS0 



.Ph 



NH .HCI 

12-2 PhNH^SCHg 



DMF, DIPEA, 25«C 



(Ref. Syn,460, 1980 
C. R. Rasmussenfilal.) 



NH 



PhNH ^ NH(CH2)20 




II /\^C02H 
CNH ^.^NHSOgPh 



12-3 



10 



4-(2-Ammoethyloxy)benzoyl-2(S)-phenylsulfonylammo.Manme^ 

^^"^ A suspension of 2=1 (105 mg, 0.19 mmol) in 6N HCI (5 
mL) was treated with dioxane (5 mL) to effect a homogeneous solution. 
After stirring for 20 h at ambient temperamre. the solvents were 
evaporated and the resulting residue azeotroped with toluene to afford 
12-1 as a colorless solid. 

Tlx Rf 0.48 (silica, 9:0.5:0.5 ethanol/H20/NH40H). 
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IH NMR (300 MHz, CD3OD) 5 7.82 (m, 2H). 7.78 (d, J=9H, 2H), 7.48 
(m, 3H). 7.07 (d, J=9 Hz. 2H). 4.30 (m, 2H), 4.19 (m, IH), 3.73 (m, 
IH), 3.48 (m. IH), 3.40 (m, 2H). 

5 4-[2-(N-Phenylguanidino)ethyloxy]benzoyl-2(S)-phenylsulfonylainino- 

P-alanine (12-3') 

A mixture of IM (1 10 mg. 0.25 mmol), 12:2 (147 mg, 
0.50 mmol), DIPEA (174 ^iL, 1.0 mmol) and DMF (5 mL) was stirred 
for 24 h at ambient temperature. Concentration and flash 
10 chromatography (silica, 9.5:0.25:0.25 ethanol/NH40H/H20) gave Ilil 
as a colorless solid. 

TLC Rf 0.50 (silica, 9.5:0.25:0.25 ethanol/NH40H/H20); 
IH NMR (400 MHz, CD3OD) 6 7.77 (m, 2H), 7.72 (d, J=9 Hz, 2H), 
7.60-7.20 (m, 8H), 7.02 (d, J=9 Hz. 2H), 4.70 (m, IH). 4.22 (m, 2H). 
15 3.73 (m, 2H). 3.67 (m. IH), 3.56 (m, IH). 
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SCHEME 13 



S 

X 

(CH3)2N NH2 



CH3I, ethanol 



SCH3 
(CH3)2N'^NH • HI 



13-2 



DIPEA. DMF.12ii. lOO'C 



NH 

X 

TFA • (CH3)2N'^NH(CH2)20 




CNH j^.^NHSOzPh 



^2:3 
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^ N-Dimethy lthinmethvl ^mi^inp.HI fl3-2'> 

The thiourea IM (TransWorld) (5.0 g. 48 mmol) was 
suspended in ethanol (50 mL) at ambient temperature and treated with 
methyl iodide (4.5 mL, 72 mmol). After 2.0 h the reaction mixmre wa: 
5 concentrated and the residue triturated with ether to give 112 as a pale 
yellow solid. mp=97-100''C. 

iH NMR (300 MHz, CD3OD) 5 3.31 (s. 3H), 3.27 (s, 3H), 2.68 (s, 3H). 

4-[2-(NjNl-Dimethylguanidino)ethyloxy]benzoyl-2(S)-phenylsulfonyl- 

10 ?tnino-B-alap i"'"TFA salt (13-3^) . 

A solution of 112 (246 mg, 1 .0 mmol). 12zi (222 mg, 0.5 
mmol), DIPEA (261 ^iL, 1.5 mmol) and DMF (5 mL) was heated at 
100°Cforl8h. The reaction mixture was then concentrated. Flash 
chromatography (silica, 9:0.5:0.5 to 9:1:1 ethanol/H20/NH40H) gave 

15 13-3 as a colorless solid after lyophilization. 
TLC Rf 0.22 (silica, 9:1:1 ethanol/NH40H/H20); 
iH NMR (300 MHz, CD3OD) 5 7.88 (m, 2H), 7.80 (m, 2H), 7.52 (m, 
3H), 7.00 (d, J=9 Hz, 2H), 4.20 (m, 2H), 3.80-3.50 (m, 4H), 3.30 (bs, 
6H), 3.03 (s, 3H). 

20 
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14il 



HO-^>-C02CH3 

K2CO3, DMF 

CO2CH3 



14:2 



INNaOH.CHgOH 
CO2H 



O2N' ^ *0' 
1^ 



EDC, HOBT, NMM, DMF, 
O 

^^^^v^-C02CH3 

H N^S02Ph 
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QrHFMF. U f CONT'D) 



INNaOH.CHgOH.eO" 
O 



O2N o 

14-5 



5% Pd/C. H2. ethanol 
O 



14-6 



DMF. H2O, pyrazole-1-carboxamidine«HCI 
(PCA'HCI) 
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Mftthvl 4-(nitrophen-3-v lnxv^henzoate. (14-2^ 

A mixture of liJ. (Aldrich) (1.6 g, 10 mmol). 1:2 (1.5 g, 
10 mmol). K2C03 (1.4 g, 10 mmol) and DMF (20 mL) was refluxed 
for 7.0 h. Aftercoolingmostof the DMF was removed in vasuo. The 
5 dark residue was diluted with ether and then washed with H2O and 
brine, dried (MgS04) and concentrated. Flash chromatography (silica, 
20% ether/hexanes) gave 14:2 as a yellow solid. 
TLC Rf 0.16 (silica, 20% ether/hexanes); 

iH NMR (300 MHz. CDCI3) 5 8.10 (d, J=9 Hz, 2H), 8.03 (m, IH), 7.87 
10 (m, IH), 7.55 (m. IH), 7.40 (m. IH), 7.06 (d. J= 9 Hz, 2H), 3.93 (s, 
3H). 

4-(Nitrophen-3-vloxv)henzoic ac id (14-3> ^ — 

A solution of 14:2 (160 mg, 0.58 mmol), IN NaOH (5.8 
15 mL) and CH3OH (10 mL) was stirred at ambient temperamre for 24 h. 
The reaction mixtare was concentrated and the residue dissolved in H2O 
and washed with ether. The aqueous portion was then acidified with 
NaHS04 and extracted with EtOAc (2x). The combined EtOAc 
portions were dried (MgS04) and then concentrated to give \±3 as a 

20 pale yellow solid. .ttx^^i 
• IH NMR (300 MHz, CDCI3) 5 8.18 (d, J=9 Hz, 2H), 8.07 (m, IH), 7.91 

(m, IH), 7.58 (m, IH), 7.42 (m, IH). 7.10 (d. J=9 Hz. 2H). 

4-(Nitrophen-3-yloxy)benzoyl-2(S)-phenylsulfonylamino-P-alanine 

25 mp.thvl ester (14-4) 

A solution of libl (340 mg. 1 .3 mmol), 2:2 (386 mg, 1 .3 
mmol), HOBT (271 mg, 1.8 mmol). and DMF (6 mL) at -15''C was 
treated with EDC (339 mg, 1 .8 mmol). The pH of the solution was 
adjusted to about 8.0 with NMM followed by removal of the coolmg 

30 bath. After 20 h the reaction mixtore was concentrated and the residue 
dissolved in EtOAc. The EtOAc solution was washed with H2O, sat. 
NaHC03 and brine, dried (MgS04) and concentrated. Flash 
chromatography (silica, 5% to 10% acetone/CH2Cl2) gave as a 
colorless foam. 
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TLC Rf 0.14 (silica, 5% acetone/CH2Cl2); 
iH NMR (300 MHz, CDC13) 8 8.01 (m. IH), 7.85 (m, 5H), 7.53 (m. 
4H), 7.36 (m, IH), 7.08 (d, J=9 Hz, 2H), 6.80 (m, IH), 5.80 (m, IH), 
4.10 (m, IH), 3.93 (m, IH), 3.69 (m, IH), 3.67 (s, 3H). 

5 

4-(Nitrophen-3-yloxy)benzoyl-2(S)-phenylsulfonylamino-j5-alamne 

n4-5^ . 

Following the procedure for converting 14-2 to lA^l, 14:4 
(608 mg, 1 .2 mmol) was saponified at 60°C to give as a pale 

10 yellow solid. 

iH NMR (300 MHz, CD3OD) 5 8.05 (m, IH), 7.85 (m, 5H), 7.65 (m, 
IH), 7.48 (m, 4H), 7.12 (d, J=9 Hz, 2H), 4.21 (m, IH), 3.75 (m, IH), 
3.52 (m, IH). 

1 5 4-( Aminophen-3-yloxy )benzoyl-2(S)-phenylsulfonylamino-P-alanine 

fl4-6> 

A mixture of 14;^ (560 mg, 1.2 mmol), 5% Pd/C (1 10 

mg), and ethanol (50 mL) was stirred under a hydrogen atmosphere (1 

atm) at ambient temperature for 8 h. Some precipitate had formed so 
20 the mixture was heated to dissolve the solid and then filtered hot 

through a celite pad to remove the catalyst. Concentration of the filtrate 

gave 14-6 as a colorless solid. 

TLC Rf 0.85 (silica, 9:0.5:0.5 ethanol/NH40H/H20; 

IH NMR (300 MHz, CD3OD) 5 7.83 (d, J=7 Hz, 2H), 7.72 (d, J=9 Hz, 
25 2H), 7.46 (m, 3H), 7.10 (m, IH), 6,98 (d, J=9 Hz, 2H), 6.55 (ra, IH), 

6.42 (m. IH). 6.35 (m, IH), 4.17 (m, IH), 3.72 (m, IH), 3.50 (m, IH). 
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4.(Guanidinophen-3-yloxy)benzoyl-2(S)-phenylsulfonylamino.p-alanine 

A solution of m (45 mg, 0.10 mmol), PCA-HCl (14 mg, 
0.1 mmol) and DMF/H2O (1:1; 1 mL) was heated at 120°C for 20 h. 

5 Concentration and flash chromatography (silica, 9:0.5:0.5 ethanol/ 
NH4OH/H2O) gave 14-7 as a colorless solid. 
TLC Rf 0.20 (sihca, 9:0.5:0.5 ethanol/NH40H/H20); 
iH NMR (300 MHz, CD3OD/40% NaOD/D20) 5 7.80 (m, 4H), 7.31 
(m, 4H), 7.00 (d, J=9 Hz, 2H), 6.79 (m, IH), 6.68 (m, IH), 6.60 (m, 

10 IH), 3.67 (m, 2H). 3.35 (m, IH). 



SCHEME 15 

CI3CN + HO^^Ac:^ 

cat. DBU. CHgClg. 0"— RT 



CI3C 

CbzNH 



^OH.catTfOH.EtzO.A 



CbzNH'"^^"^— <Q)-C02Me 
INNaOH.MeOH 




CbzNH^^ (C J>-C02H 
15-3 
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SrHFMF 15 (CONT'D^ 



UL2 



,C02t-Bu 

HSOzPh 
EDC, HOBT. NMM, DMF 



NHSOzPh 2:1 



CbzNH'^ 



-Bu 

NHSOoPh 



30% HBr in HOAc 



NHS02Ph 



PCA'HCI , DIPEA, DMF, 50*' 



NH 



15-6 



NHSOzPh 
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10 



15 



20 



/tAthyl d-(^rirhlorQniPthvliTn1nooT cymethvnben7.oate (15- 

Methyl 4-hydroxinethylbenzoate (Aldrich), (1.22 g, 7.35 
mmol), trichloroacetoiiitrile (0.81 mL. 8.1 mmol), and DBU (0.1 1 mL, 
0.74 mmol) were combined in CH2C12 at 0^ After warmmg to RT for 
3 h the reaction mixture was concentrated and purified by flash 
chromatography (silica. 40% EtOAc/hex) providing IM- 
Rf 0.77 (siUca, 50% EtOAc/hexane); 

IH NMR (300 MHz, CDCI3) 5 8.42 (s. IH), 8.06 (d, J=8 Hz, 2H), 7.50 
(d, J=9 Hz, 2H), 5.40 (s, 2H), 3.92 (s, 3H). 

Mftthvl 4-r2-(N-rh7.-amin nV-thvloxvmethvl1ben7.oate (15-2) 

Imidate IH (1.5 g. 4.8 mmol) and N-C:bz-aminoethanol 
(1.0 g, 5.1 mmol) were combined with Et20 (50 ml), then TfOH (100 
HL 1.1 mmol) was added (exotheraiic). The reaction mixtore was 
stilled at RT for 24 h. then heated at reflux for 16 h before diluting 
widi EtOAc. washing with water, 10% KHSO4, IN NaOH, and bnne 
drying (MgS04) and concentration. Flash chromatography (sihca, 20% 
then 40% EtOAc/hexane) provided I5r2 as a clear oil. 
Rf 0.53 (sUica, 50% EtOAc/hexane). 

IH NMR (300 MHz, CDCI3) 5 8.0 (d, J=8 Hz, 2H), 7.50-7.30 (m, 7H), 
5.18 (br m. IH). 5.10 (s, 2H), 4.56 (s, 2H), 3.92 (s, 3H), 3.58 (br m, 
2H), 3.45 (br m, 2H). 

-rhT-amin'^ythnyvmet hvllhenzoic acid (15-31 
25 Ester 15^ (500 mg, 1.46 mmol) and IN NaOH (3.6 mL, 

' 3 6 mmol) were combined in 14 mL MeOH. After 3 h the mixmre was 
concentrated, diluted with EtOAc, and extracted with H2O. The 
aqueous layer was acidified with 10% KHSO4 and extracted with 
EtOAc. and this organic layer was washed with brine, dned (MgS04), 
30 and concentrated, providing 15:^ as a white solid. 
Rf 0.62 (silica, 19:1:1 CH2Cl2AleOH/HOAc). 
IH NMR (300 MHz, CD3OD) 5 8.0 (d, J=8 Hz, 2H), 7.5-7.3 (m, 7H). 
5.07 (s, 2H), 4.59 (s. 2H), 3.56 (t, J=5 Hz. 2H), 3.34 (t, J=5 Hz. 2H). 
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4-[2-(N-Cbz-Amino)ethyloxymethyl]benzoyl-2(S)-phenylsulfonylamino- 

P-alanine t-butvl ester (\5-A) , 

Acid liii (300 mg, 0.91 mmol), amine M (325 mg, 0.9 1 
mmol), EDC (209 mg, 1.09 mmol), HOBT (148 mg, I.IO mmol), and 

5 NMM (300 ^L, 2.7 mmol) were combined in 4.5 mL DMF. After 16 h 
the mixture was diluted with EtOAc, washed with water, 10% KHSO4, 
sat NaHCOs, and brine, dried (MgS04), and concentrated. Flash 
chromatography (silica, 70% EtOAc/hexane) provided 15-4 as an off- 
white solid. 

10 Rf 0.77 (silica, EtOAc). 

iH NMR (400 MHz, CDCI3) 5 7.79 (d, J=7 Hz, 2H), 7.72 (d, J=8 Hz, 
2H), 7.40-7.20 (m, lOH), 7.0 (br s, IH), 5.26 (br m, IH), 5.09 (s, 2H), 
4.49 (s, 2H), 3.80-3.70 (m, 2H), 3.5-3.45 (m. 3H), 3.41 (m. 2H), 1.24 
(s. 9H). 

15 

4-(2-Aminoethyloxymethyl)benzoyl-2(S)-phenylsulfonylamino-p- 

alanine fl5-5> . 

Cbz-ester 15-4 (200 mg, 0.33 mmol) was treated with 4 
mL 30% HBr in HOAc for 2 h then concentrated and purified by flash 
20 chromatography (silica, 50:1 : 1 EtOH/NH40H/H20) providing IM as a 
white solid. 

Rf 0.42 (silica, 20:1:1 EtOH/NH40H/H20). 

iH NMR (400 MHz, D2O) 5 7.66 (d, J=9 Hz, 2H) 7.52 (d, J=8 Hz, 2H). 
7.38 (d, J=8 Hz, 2H), 7.33-7.25 (m, 3H), 7.58 (s, 2H), 3.80 (dd, J=10, 4 
25 Hz, IH), 3.66 (br t, J=5 Hz, 2H). 3.58 (dd, J=:14, 4 Hz, IH), 3.31 (dd, 
J=14, 10 Hz, IH), 3.07 (br m, 2H). 

4-[2-(Guanidino)ethyIoxymethyl]benzoyl-2(S)-phenylsulfonylamino-P- 

alanine . 

30 Amine jiiS (40 mg, 0.095 mmol), PCA-HCl (15 mg, 0.1 0 

mmol), and DIPEA (35 mL, 0.20 mmol) were combined in 1 mL DMF 
and heated at 50" for 16 h. Concentration, and flash chromatography 
(silica, 20: 1 : 1 EtOH/NH40H/H20) provided as a white solid. 
Rf 0.19 (siHca, 20:1:1 EtOH/NH40H/H20). 
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IH NMR (400 MHz. D2O) 6 7.61 (d, J=8 Hz. 2H), 7.46 (d. J=7 Hz, 2H), 
7 31 (d, J=8 Hz, 2H), 7.28-7.18 (m, 3H). 4.51 (s. 2H), 3.75 (m. IH), 
3.56 (m, 2H), 3.54-3.44 (m, 2H), 3.25 (m. 2H). 

<;rHEME 16 

H2N(CH2)2NH2 ^^2^ BOCNH(CH2)2NH2 

CHCI3 

H02C.^^;:::^C02CH3 EDC. HOBT 

- BOCNH(CH2)2NH2 g^^^ p^^p 

1£:S ^ 



BOCNH(CH2)2NH Y)! 2. x-^^COzCHg 

HCI.H2N JXnhSOpF 



BOCNH(CH2)2NH 



^ ^ EDC. HOBT, NMM. DMF 

O o 

X ^ A ^-v_.C02CH3 



1.6N HCl, 50° 

2. PCA'HCI 
DIPEA, DMF, H2O 



NH O O 

HgN^ NH{CH2)2NH''^^"^J^J^ NH^^NHS02Ph 
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2-fN-BOC-AminQ^ethvlamine f 1 6-2) 

Ethylenediamine fl6-n (Aldrich) (18.04 g, 0.50 mol) in 
CHCI3 (200 ml) was treated with a solution of BOC2O (13.1 g, 0.06 
moles) in CHCI3 (100 ml) at room temperature over 1 h. This was 
5 stirred for 16 h, filtered, and concentrated to give 16-2 as a clear oil. 

Mftthvl :^-r2-fN-BOC-aminQ'>ethvlaminocarh nnvnhenzoate (16-4) 

A solution of methyl 3-carboxybenzoate fl6-3) (Aldrich) 
(0.9 g, 5 mmol). 1^ (0.8 g, 5 mmol), and HOBT (0.74 g, 5.5 mmol) 

1 0 in DMF (20 ml) was treated with Et3N (1 .0 g, 1 0 mmol) followed by 
EDC (1.15 g, 6.0 mmol). After stirring for 16 h the solvent was 
removed, the residue was taken up in H2O (100 mL), and extracted with 
3x75 ml portions of EtOAc, The organic extract was washed 
consecutively with 10% KHSO4, brine, satd. NaHC03, brine, and dried 

15 (Na2S04). Solvent removal gave a residue that was purified by flash 
chromatography (silica, 95% hexanes/EtOAc) to give crude iM- This 
was further purified by chromatography (silica, 70%/acetone/hexanes) 
to give pure 16-4 . 

Rf 0.3 (silica, 70% hexanes/acetone). 
20 iH NMR (300 MHz, CDCI3) 5 8.46 (s, IH), 8.13-8.20 (dd, IH), 8.03- 
8.10 (dd, IH), 7.48-7.57 (t, IH), 7.30-7.45 (m, IH), 4.95-5.08 (m, IH), 
3.95 (s, 3H), 3.52-3.62 (m, 2H), 3.38-3.48 (m, 2H), 1.42 (s, 9H). 

3.[2.(N-BOC-Amino)ethylaminocaibonyl]benzoyl-2(S)-phenylsulfonyl- 

25 amino-p-alanine meth vl ester (16-6) _ — 

16-4 (0.98 g. 3.03 mmoles) was dissolved in THF(l)/ 

MeOH(l)/H20(l) (30 ml) and treated with LiOH (0.38 g, 9.1 mmoles). 

After 10 h, the solvent was removed, the residue acidified to pH 2-3 

with 10% KHSO4 solution, and extracted with EtOAc. The organic 
30 extract was dried (Na2S04), concentrated, and the residue was purified 

by flash chromatography (silica, 95% hexanes/EtOAc) to give the 

desired acid 16-5 . 

This acid (0.46 g, 1.5 nmioles) was dissolved in DMF (20 
ml) and treated with 2:1 (0.44 g, 1.5 mmoles), HOBT (0.22 g, 1.65 
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mmoles), NMM (0.45 g, 4.5 moles) followed by EDC (0.34 g, 1.8 
mmoles). After stirring at room temperature for 16 h, the solvent was 
removed and the residue was taken up in H2O (75 ml), and extracted 
with EtOAc. The organic extract was washed with 10% KHSO4, bnne. 
dried (Na2S04) and concentrated to give i^as a white solid. 
IH NMR (300 MHz, CDCI3) 5 8.17 (s, H), 7.78-7.97 (dd, 4H). 7.20- 
7.65 (m, 6H), 6.40-6.65 (b, IH), 5.00-5.55 (b, IH). 4.13-4.24 (m, 
3.68-3.88 (m, 2H), 3.55 (s, 3H), 3.45-3.60 (bt, 2H). 3.30-3.44 (bt, 2H), 
1.42 (s,9H). 



10 



amino-B-? laTiine (16-7^ 

A suspension of in 6N HCl was stirred at room 
temperattire while the ester gradually dissolved over 1 h. After 24 h 
1 5 the reaction was heated at SO** for 5 h, cooled and filtered. This solid 
was trimrated with EtOAc and filtered to provide the desired acid. 

This acid was treated with PCA-HCl as described for M to 
provide crude product. This was purified by flash chromatography on 
sihca gel eluting with EtOH(10)/NH4OH(0.5)/H2O(0.5) to give IM.^ 
20 1 H NMR (300 MHz, CD3OD) 5 8.24 (s, IH), 7.77-8.03 (m, 4H), 7.36- 
7 60 (m. 4H), 3.78-3.87 (dd, IH), 3.50-3.72 (m, 4H), 3.32-3.47 (t, 2H). 
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SCHEME 17 
O 

HC|.H2N(CH2)20HQ>-CNH-^^°fQ^p^ 
12:1 

DMF, DIPEA. 2-methylthio-2- 
imidazoline«HI, 100°C 

lid. 



4-[2-(N-(2-lmidazolin-2-yl)amino)ethyloxy]benzoyl-2(S)-phenyl- 

5 >?vifnTivlamino-R-alanine (17-1) ^ — 

A solution of i2il(89 mg, 0.2 mmol), 2-methylthio-2- 
imidazoline-HI (98 mg, 0.4 irnnol), DIPEA (139 ^iL, 0.8 mmol) and 
DMF was stirred at lOO^C for 20 h. Concentration of the cooled 
reaction mixtuie followed by chromatography (silica, 9:0.5:0.5 

10 ethanol/NH40H/H20) gave I2=i as a colorless lyophilozite. 
TLC Rf 0.21 (sihca, 9:0J:0.5 ethanol/NH40H/H20); 
IH NMR (400 MHz, CD3OD) 5 7.87 (m, 2H), 7.80 (d, J=9Hz, 2H), 7.50 
(m, 3H), 6.98 (d, J-9 Hz, 2H), 4.17 (m, 2H), 3.80-3.50 (m. 5H). 3.73 
(bs.4H). 
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SCHEME L8 




a) TFA/CH2CI2 



b) ^SCHa.DIPEA.DMF. 100°C 



N .H. 



[^VnH(CH2)40— <Q)->v CO2H 



5 ' 2(S)-Phenylsulfonylainino-3-[(4-(N<imidazolin-2-yl)aminobutyloxy)- 

nhenvllpro pioTiic acid (18-11 'T~~7l ] 

A solution of ^ (200 mg. 0.41 mmol), TFA (2 mL), and 
CH2CI2 (2 mL) was stirred at ambient temperature for 1.0 h. The 
. solution was concentrated and the residual TFA removed azeotropically 

10 with toluene. The resulting oil was dissolved in DMF (2 mL) and then 
treated with DIPEA (21 1 ^iL, 1.6 mmol) and 2-methylthio-2- 
imidazoline -HI (198 mg, 0.82 mmol). The resulting solution was 
heated at lOO^C for 20h. Concentration of the cooled reaction mixture 
followed by flash chromatography (silica, 10:0.2:0.2-^10:1:1 

15 ethanol/NH40HAl20) gave IM as a white solid. 
TLCRf 0.38 (sihca, 10:1:1 ethanol/NH40H/H20). 
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IH NMR (400 MHz, D2O) 5 7.45-7.20 (m, 5H), 6.83 (d, J=9 Hz, 2H), 
6.56 (d, J=9 Hz, 2H), 3.87 (m, 3H), 3.48 (m, 4H). 3.09 (m, 2H), 2.90 
(m, IH), 3.57 (m, IH), 1.60 (m, 4H). 



SCHEME 19 




,0H 




N 



HoN' 



C02Me 
li2 



PhaP. DEAD. THF 




C02Me 



19-2 

H2NNH2, MeOH 



C02Me 



Cl 

^N^Br, DIPEA. DMF, 80" 
ISA 



C02Me 
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crHFMP 1Q (CONT'D) 



INNaOH, MeOH.60' 



N ^NH' 
12:£ 




-COoH 



HCI'HzN-Of^ 

" NHSOgPh 2J. 

EDC. HOBT, NMM 



N ^NH-^^ \=/ " NHSOgPh 

TFA. CH2CI2 



N ^NH' 
19-8 



NHSOgPh 



H2. Pd/C. HOAc/HCI 



a 



\=/ H NHSOoPh 



CO2H 



H 



19-9 



wo 95/32710 



PCT/US95/05938 



- Ill 



Methvl 4-f2-PhthalimidoP -thvlnxv^ben7.oate (19-2) 



A solution of N-(2-hydroxyethyl)phthalimide (Aldrich, 
19-1 . 6.36 g, 33 mmol) and DEAD (5.7 niL, 36 mmol) in 25 mL THF 
and 10 mL DMF was added to a solution of methyl 4-hydroxybenzoate 
5 (hi, 5.00 g. 33 mmol) and PhsP (9.53 g. 36 mmol) in 100 mL THF 
during 1 h. After an additional hour the reaction was diluted with 
ether, washed twice with water, then IN NaOH and brine, dried 
(MgS04), filtered and concentrated. Flash chromatography (silica gel, 
CH2CI2) provided 12zl as a white solid. 
10 Rf 0.18 (silica, CH2CI2). 

iH NMR (300 MHz, CDCI3) 5 7.95 (d, J=9Hz, 2H), 7.87 (m, 2H), 7.74 
(m, 2H), 6.84 (d, J=9Hz, 2H), 4.28 (t, J=6Hz, 2H), 4.14 (t, J-6Hz, 2H), 
3.87 (s, 3H). 

15 Methvl 4-(2-Aminoethv1 "yv)bPTi7nate (19-3) _ . 

19.2 (1.59 g, 4.89 mmol) was suspended in 25 mL MeOH. 
Upon addition of hydrazine (2.0 mL, 64 mmol) the reaction became 
homogeneous. After 20 h a heavy precipitate had formed. The pH was 
adjusted to 1 by addition of 6N HCl, MeOH evaporated, and the solid 

20 suspended in IN HCl. After filtering through Celite, the filtrate was 
washed with CH2CI2, the pH was adjusted to 12 with 6N NaOH. The 
aqueous layer was extracted with fresh CH2CI2. This organic phase was 
dried (Na2S04) and concentrated providing IM as a white solid. 
Rf 0.22 (silica, 9:1:1 CH2Cl2/MeOH/HOAc). 

25 IH NMR (300 MHz, CDCI3) 5 7.99 (d, J=9Hz, 2H), 6.93 (d, J-9Hz. 
■ 2H), 4.04 (t, J=5Hz, 2H), 3.89 (s, 3H), 3.1 1 (t, J=5Hz, 3H), 1.35 (br s, 
2H). 
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MPth yl A-ri-fPvrimidin-l-vnamin nV-thvloxvlbenynate (]9-$) 

Amine IM (4.30 g, 22 mmol), IM (3.51 g, 22 mmol) 
and DIPEA (3.8 mL, 22 mmol) were heated in 50 mL DMF at 80° for 
16 h The cooled mixture was concentrated, then diluted with EtOAc, 
5 washed with 1 N NaOH and brine, dried (MgS04). and concentrated. 
Flash chromatography (silica, 10% acetone/CH2Cl2) provided white 
crystalline 19-5 . 

Rf 0.42 (silica, 10% acetone/CH2Cl2). 

1 H NMR (300 MHz, CDClS) 6 8.29 (d, J=5Hz, 2H), 7.99 (d, J=9Hz, 
10 2H), 6.93 (d, J=9Hz, 2H), 6.57 (t, J=5Hz, IH), 5.53 (br m, IH), 4.20 (t, 
J=5Hz, 2H). 3.88 (s, 3H) 3.88 (overlapped t, 2H). 

4- f7.(PYrimidin-2-v) ?^mino'>ethvlo^YlM^"^^ ^^^^ ^^^'^^ 

Pyrimidine ester (3.31 g, 12.1 mmol) was combined 
15 with IN NaOH (30 mL, 30 mmol) in 50 mL EtOH. After 2 h at 60° the 

mixmrc was cooled and 30 mL IN HCl was added (final pH 5). The 

resulting white precipitate was collected on a frit, washed with water. 

and dried providing 19-6. 

Rf 0.67 (silica, 10:1:1 EtOH/NH40H/H20). 
20 IH NMR (300 MHz, DMSO) 5 9.02 (d, J=5Hz. 2H), 8.60 (d, J=9Hz, 

2H), 8.05 (t, J=6Hz, IH), 7.76 (d, J= 9Hz, 2H), 7.32 (t, J= 5Hz, IH). 

4.89 (t, J=6Hz. 2H), 4.38 (q, J=6Hz, 2H), 4.06 (s, IH). 

4-[2-(Pyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)-phenylsulfonylamino- 

25 (^-alanine tert -t^1'tvl ftster (19-7) — - 

Acid 12=6 (0.770 g, 2.97 mmol), amine 2J. (LO g, 2.97 
mmol), NMM (1.14 ^L, 10.4 mmol) and HOBT (0.522 g, 3.86 mmol) 
were combined in 30 mL DMF. cooled to 0^ and EDC (0.740 g. 3.86 
mmol) was added. The mixture was stirred at RT for 3 days, diluted 

30 with ethyl acetate, v^ashed twice with water, sat. NaHC03, and brme, 
dried (MgS04), and concentrated. Flash chromatography (siUca, 80% 
EtOAc/hexanes) provided IM as a waxy sOhd. 
Rf 0.23 (silica, 80% EtQAc/hexane). 
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iH NMR (300 MHz, CDCI3) 5 8.3 1 (d, J=5 Hz, 2H), 7.85 (d, J=7 Hz, 
2H), 7.73 (d, J=9 Hz, 2H), 7.60-7.45 (m, 3H), 6.90 (d, J=9 Hz, 2H), 
6.67 (br m, IH), 6.57 (t, J=5 Hz. IH), 5.94 (d. J=8 Hz, IH), 5.68 (br m, 
IH), 4.17 (t, J=5 Hz, 2H), 4.00-3.83 (m, 4H), 3.59 (m, IH), 1.28 (s, 
5 9H). 

4-l2-(Pyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)-phenylsulfonylamino- 

p-alanine trifluoroacetate (19-8) 

Ester 19-7 (1.05 g, 1.86 mmol) and anisole (0.40 mL, 3.7 
1 0 mmol) were dissolved in CH2CI2 (9 mL), cooled to 0°, and TFA (9 

mL) was added. After 2 h at 0° and 16 h at 20°, the reaction was 

concentrated, azeotroped with toluene, and triturated with Et20 

providing 19-8 as a white solid. 

Rf 0.30 (silica, 22:20: 1 : 1 EtO Ac/EtOH/NH40H/H20). 
15 IH NMR (400 MHz, CD3OD) 8.45 (br, 2H), 7.82 (dt. J=7, 2 Hz, 2H), 

7.72 (d, J=9 Hz, 2H), 7.50 (tm, J=7 Hz, IH). 7.42 (tm, J=8 Hz, 2H). 

6.99 (d, J=9 Hz, 2H). 6.82 (t. J=5 Hz, IH). 4.25 (t. J=5 Hz, 2H), 4.18 

(dd, J=9, 5 Hz. IH), 3.88 (t. J=5 Hz, 2H), 3.71 (dd, J=14, 5 Hz, IH), 

3.48 (m, IH). 

20 

4-[2-(3,4.5,6-Tetrahydropyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)- 

phenvlsulfonvlamino-P-alanine (19-9) 

Pyrimidine 19-8 (1.05 g, 1.75 mmol) was dissolved in a 
mixture of acetic acid (50 mL) and cone HCl (4.5 mL). After addition 

25 of 10% Pd/C (450 mg) the mixture was shaken on a Parr hydrogenator 
under 45 psi H2 pressure for 2 h. The reaction mixture was filtered, 
concentrated, azeotroped with toluene, and purified by flash 
chromatography (silica 20:1:1 then 8:1:1 EtOH/NH40H/H20) providing 
19-9 as a white solid. 

30 Rf 0.35 (8:1 :1 . EtOH/NH4OH/H20). 

iH NMR (300 MHz, CD3OD + DCl) 5 7.84 (d m, J=7 Hz, 2H), 7.74 (d. 
J=9 Hz. 2H). 7.50-7.40 (m, 3H), 7.02 (d. J=9 Hz, 2H), 4.22-4.17 (m, 
3H). 3.72 (dd, J=14, 5 Hz. IH). 3.60 (t, J=5 Hz, 2H). 3.49 (dd, J=14, 9 
Hz, IH), 3.38 (t, J=5 Hz, 4H), 1.95 (qn, J=6 Hz, 2H). 
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,SrHEME20 



H 



aNHg 
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H H 

ah 

H H 
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V-SCHs'Hl 

- N 
H H 

20-3 

H2N(CH2)20-<^)- CNH-'^^^Iq^pj^ 

DMF. DIPEA.22:a.100''C 
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ris-:^a.4.5.6.7.7a-Hexahvdro- 1 H-b enzimidazol-2-thione (20-2) 

A solution of carbon disulfide (1.1 mL, 17.9 mmol) and 
CH2CI2 (10 mL) was treated dropwise with cis-l,2-diaminocyclohexane 
20-1 (Aldrich) (2.0 g, 17.5 mmol) while maintaining the reaction 

5 mixture temperature below 20^ with an ice bath. The reaction 

mixture was stirred at ambient temperamre for 2.0 h after the addition 
was complete. Concentration followed by refluxing the resulting solid 
in H2O (20 mL) for 20 h gave a yellow solution. The cooled solution 
was extracted with CH2CI2 and the CH2CI2 portion was dried (MgS04) 

10 and concentrated. The pale yellow solid was recrystallized from 
CH2Cl2/ether to give 20-2 as a pale yellow solid, mp = 164-166°C. 
iH NMR (300 MHz, CDCI3) 5 6.30 (bs, 2H), 3.90 (m, 2H), 1.80-1.30 
(m, 8H). 

1 5 2-[Cis-3a,4,5,6J,7a-Hexahydro- 1 H-ben2imidazol-2-yl]methylsulfide 

OObl) — 

A suspension of 2Qi2 (1.3 g, 8.3 mmol) in ethanol (5 mL) 

at ambient temperature was treated with iodomethane (0.8 mL, 12.5 
nunol). After 20 h the ethanol was evaporated and the resulting solid 
20 triturated with acetone to give 20-3 as a solid. 

iH NMR (300 MHz, CD3OD) 5 4.22 (m, 2H). 2.67 (s, 3H), 2.00-1.40 

(m, 8H). 

4-[2-[N-[Cis-3a,4.5,6,7,7a-Hexahydro-lH-benzimidazol-2-yI]aniino]- 

25 ethvloxv1ben7ovl-2(SVphenvlsulfonvlamino-B- alanine (20-4) 

A solution of 201 (298 mg, 1 .0 mmol), 12dL (222 mg, 0.5 
mmol), DIPEA (261 fiL, 1.5 mmol), H2O (6 drops) and DMF (6 mL) 
was heated at 100°C for 24 h. The cooled solution was concentrated at 
50°C and the residue chromatographed (silica, 9:0.5:0.5 
30 ethanol/H20/NH40H) to give 20-4 as a colorless solid after 
lyophilization. 

TLC Rf=0.16 (silica, 9:0.5:0.5 ethanol/NH40H/H20); 
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1 H NMR (300 MHz, CD3OD) 5 7.83 (m, 2H). 7.77 (d. J= 9 Hz. 2H). 
7.48 (m, 3H), 7.01 (d. J= 9 Hz, 2H), 4.19 (m. 3H), 3.91 (bs, 2H), 3.75- 
3.40 (m, 4H), 1.90-1.35 (m, 8H). 
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SCHEME 21 

j cat. Pd(0Ac)2. EtgN, CH3CN. 100° 
21A 



Btz, EtOH 




214 
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,<;rHFMF 9,1 (CONT'D^ 

HCI«H2N\>^ 2J. 

NHSOgPh 
EDC. HOBT, NMM, DMF 




21-6 



5 F.thvl 4-f3-nynhnt-l-vl >^pn7nate f21-n _ ^ — 

3-Hydroxy-l-butene (Aldrich) (2.15 mL, 25 mmol), ethyl 
4-iodobenzoate (5.52 g. 20 mmol). Et3N (3.5 mL, 25 mmol) and 
Pd(0Ac)2 (19 mg, 0.08 mmol) were combined in 6 mL CH3CN, sealed 
in a glass pressure tube and heated at lOO'' for 3 h. The mixture was 

10 cooled, diluted with Et20, washed with water, IN NaOH. 5% KHSO4, 
and brine, dried (MgS04), and concentrated. Hash chromatography 
(silica, 10% EtOAc/hexanes) provided 2Ld as a white crystalline solid. 
Rf 0.4 1 (silica, 30% EtOAc/hexane). 

IH NMR (300 MHz, CDCI3) 5 7.96 (d, J=8 Hz, 2H), 7.25 (d, J=8 Hz, 
15 2H), 4.36 (q, J=7 Hz, 2H), 2.95 (t. J=7 Hz, 2H), 2.78 (t, J=7 Hz. 2H), 
2.15 (s,3H), 1.38 (t,J=7 Hz, 3H). 
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Fthvl 4-f4-brnmo-3-oxo Hiit-1-vnben7.nate (21-2) 

21-1 (3.13 g, 14.2 mmol) was dissolved in EtOH (30 mL) 
at G°, and Br2 (805 jiL, 15.6 mmol) was added. After wanning to RT 
for 16 h the reaction was concentrated, diluted with Et20, washed with 
5 water and brine, dried (MgS04), and concentrated. Hash chromato- 
graphy (silica, 10% EtOAc/hexane) provided 21:2 as a white solid. 
Rf 0.67 (silica, 30% EtOAc/hexane). 

iH NMR (400 MHz, CDCI3) 5 7.97 (d, J=8 Hz. 2H), 7.26 (d, J=8 Hz, 
2H). 4.36 (q, J=7 Hz, 2H), 3.85 (s, 2H). 3.00 (s. 4H). 1.38 (t, J=7 Hz, 
10 3H). 

F ^hyl 4.r2-f2-?tninr>thiazol -4-vnethvl1ben7,oate (21-3) 

Thiourea (374 mg, 4.9 mmol) and 2L2 (1-4 g, 4.7 mmol) 
were combined in 24 mL EtOH and heated to reflux for 1 h. 
15 Concentration and flash chromatography (silica. 80% EtOAc/hexane 
then 10% MeOH/EtOAc) provided 21:2. as a white solid. 
Rf 0.54 (silica, EtOAc). 

IH NMR (300 MHz, DMSO) 5 7.86 (d, J=8 Hz, 2H), 7.35 (d. J=8 Hz, 
2H), 6.18 (s, IH), 4.29 (q. J=7 Hz, 2H), 3.4 (br s), 2.95 (t, J=7 Hz, 2H). 
20 2.73 (t, J=8 Hz, 2H), 1 .3 1 (t, J=7 Hz. 3H). 

A- ro-C^-A^innthiazoM-vnptbvnbenz n^r arid hydrochloride (21-4) 

Ester 2hl (1.5 g, 5.43 mmol) was treated with 6N HCl for 
16 h at RT then 16 h at 50^ Concentration provided 21A as an off- 

25 white solid. 

• Rf 0.74 (silica, 9:1:1 CH2Cl2/MeOH/HO Ac). 
iH NMR (300 MHz, DMSO) 5 9.45 (br s), 8.10 (d, J=8 Hz. 2H), 7.58 
(d, J=8 Hz, 2H), 6.71 (s. IH), 3.90 (br s). 3.20 (t, J=7 Hz, 2H), 3.07 (t, 
J=7Hz,2H). 

4-[2-(2-Aminothiazol-4-yl)ethyl]benzoyl-2(S)-phenylsulfonylamino-P- 

5.1aniTip. tert-butvl ester qi-^} _ 

^1-4 (150 mg, 0.53 mmol). amine hydrochlonde 2=1 (0-53 
mmol. 177 mg). HOBT (86 mg. 0.64 mmol). NMM (204 nL, 1.9 



30 
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mmol). and EDC (122 mg, 0.64 mmol) were combined in 2.6 mL DMF 
at -15°, wanned to RT and stiired for 16 h. The reaction was diluted 
with EtOAc. washed with water, saturated NaHCOs and brine, dned 
(MgS04), and concentrated. Hash chromatography (silica, 70% 

5 EtOAc/hexane) provided 2hl as a clear oil. 

Rf 0.48 (silica, EtOAc). , o u 

IH NMR (300 MHz, CDCI3) 5 7.86 (d, J=8 Hz, 2H). 7.69 (d, J=8 Hz, 
2H), 7.60-7.45 (m, 3H), 7.24 (d, J=8 Hz, 2H), 6.70 (br m, IH), 6.05 (s, 
IH), 5.90 (br m, IH), 4.92 (br s, 2H), 3.85-4.00 (m, 2H), 3.62 (m, IH), 

10 2.99 (t, J=8 Hz, 2H). 2.88 (t, J=8 Hz. 2H), 1 .29 (s, 9H). 

4.[2-(2-Aminothiazol-4-yl)ethyl]benzoyl-2(S)-phenylsulfonylamino-p- 

alanine (21-6> . ■ ; — . T" 

Ester 2L1 (200 mg, 0.377 mmol) was dissolved m 2 mL 
15 CH2CI2, and 2 mL TFA was added. After 4 h at RT the mixture was 

concentrated, azeotroped with toluene, and purified by flash 

chromatography (silica, 28:10:1:1 EtOAc/EtOH/NH40H/H20) 

providing 21-6 as a white solid. 

Rf 0.39 (silica, 12:10:1:1 EtOAc/EtOH/NH40H/H20). 
20 1 H NMR (400 MHz, DMSO) 6 8.6 (br s), 7.77 (d, J=8 Hz, 2H), 7.65 (d, 

J=8 Hz, 2H), 7.58 (t, J-7 Hz, IH), 7.51 (t, J=7 Hz, 2H), 7.27 (d, J=8 Hz, 

2H), 6.84 (m, IH), 6.11 (s, IH), 3.50-3.40 (m. 2H), 3.32 (br s), 2.92 (t, 

J=8 Hz. 2H), 2.70 (t, J=8 Hz, 2H). 
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.SCHEME 22 
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22:5 



6N HCI, dioxane 



HCI 



22:£ 



r VsCHg. DMF, DIPEA, lOO^C. DMF 
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RpnTvl 4-r2fS^-rN-BQC-aip ip"Vopvloxv1henzoate (2^-3.} 

A THF (25 mL) solution of DIAD (2.9 mL, 14.8 mmol) 
and 22ii (Fluka) (2.0 g, 1 1 .4 mmol) was added dropwise to a stirred 
solution of THF (50 mL). 22=2 (Fluka) (2.6 g, 1 1.4 mmol) and Ph3P 
5 (3.9 g, 14.8 mmol) over a 2 h period, followed by heating for 20 h at 
70°C. The cooled reaction mixture was concentrated and purified by 
flash chromatography (silica, 20% EtOAc/hexanes) to give 22=3 as a 
colorless oil. 

TLC Rf 0.36 (siUca, 5% acetone/CH2Cl2); 
10 IH NMR (300 MHz, CDCI3) 5 8.02 (d. J=9 Hz. 2H). 7.70-7.30 (m. 5H). 
6.92 (d, J=9 Hz, 2H). 6.45 (m, IH). 5.33 (s, 2H). 4.75 (m, IH). 4.06 (m. 
IH). 3.96 (m, 2H), 1.45 (s, 9H). 1.26 (d, 3H). 

A-r7(S^-(N-BOC-A »"in"VTopv^"y Vl^P"^"^^^ ^^^^ 

15 A mixmre of 22ia d -6 g, 4.3 mmol). 10% Pd/C (0.33 g) 

and ethanol (25 mL) was stirred under a hydrogen atmosphere (1 atm) 
for 20 h. Filtration through a celite pad followed by concentration of 
the filtrate gave 22d as a colorless solid. ^ , ,^u 

IH NMR (300 MHz, CDCI3) 5 8.05 (d, J=9 Hz, 2H), 6.96 (d, J=9 Hz. 

20 2H), 4.77 (m. IH). 4.09 (m. IH), 3.99 (m. 2H), 1.46 (s, 9H). 1.31 (d. 
J=7Hz.3H). 

4-I2(S)-(N-BOC-Amino)propyloxy]benzoyl-2(S)-phenylsulfonylamino- 

25 ^ ^ Follov^rthe procedure for coupling IM to 2d. 2M 

(295 mg, 1.0 mmol) was coupled to^ (336 mg. 1.0 mmol) to give 
;22-5 as a beige solid. 

TLC Rf 0.28 (silica. 10% acetone/CH2Cl2); „^ ^ 

IH NMR (300 MHz. CDCI3) 5 7.87 (m. 2H). 7.77 (d, J=9 Hz. 2H), 7.53 
30 (m 3H), 6.93 (d. J=9 Hz, 2H). 6.64 (m. IH). 5.69 (m. IH). 4.06 (m. 
IH). 3.90 (m. 4H), 3.56 (m, IH). 1.46 (s, 9H). 1.28 (s, 9H). 
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4.[2(S)-Aininopropyloxy]benzoyl-2(S)-phenylsulfonylamino-Mlanm^ 
.j^n ^^^^ Q ^^j^ HCl (25 mL) and dioxane 

(25 mL) was stirred overnight at ambiem temperature. Concentration 
followed by trimration with ether gave 22=6 as a colorless sohd. 
TLC Rf 0.62 (silica, 95% ethanol/NH40H); 
IH NMR (300 MHz, CD3OD) 5 7.83 (m, 2H), 7.79 (d, J=9 Hz, 2H), 
7.48 (m, 3H), 7.08 (d, J=9 Hz, 2H). 4.3-3.3 (m, 6H), 1.43 (d, 1=7 Hz, 
3H). 

4-I2(S)-(N-(2-Imidazolin-2-yl)amino)propyloxy]benzoyl-2(S)-phenyl- 

g |l1fnnvlami n ^^-p-a1an^ne triflnoroacetate (^2-7) ^ 

' Amixmreof22=6(256mg, 0.51 mmol), DPEA (292 jiL, 

1 7 mmol). (2-methylthio.2-imidazoline.HI) (273 mg, 1.1 mmol) and 
DMF (2 mL) was heated at lOOX for 24 h. Concentration followed by 
flash chromatography (silica. 9:1:1:1 ethanol/NH40H/H20) gave abeige 
solid. This solid was purified on an HPLC semiprep (C18 colunm 95^^^ 
to 5:95 H20 (0.1% TFA)/CH3CN gradient) followed by lyophilization 

to give 22-7 as a colorless solid. 
TLC RfO.33 (silica. 9.0.5.0.5 ethanoim20/NH40H); 

IH NMR (300 MHz, CD3OD) 5 7.83 (m, 2H), 7.76 (d, J=(9 Hz, 2H), 

7.47 (m, 3H), 7.00 (d, J=9 Hz, 2H), 4.20-3.40 (m, 6H), 3.73 (m, 4H), 

1.37(d,J=7Hz,3H). 
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SrHEME23 



Br 




Br 



NC 



N 

I 

H 



H 



■COpH 



23-1 



SOCI2, MeOH 




C02Me 



KCN.DMSO 70= 




C02Me 



23-3 



i) HCI, MeOH, EtgO, 0« 

ii) H2NCH2CH{OMe)2. MeOH. A 

iii) 6N HCI 




C02Me 



23-4 



6N HCI 




CO2H 



2^ 



HCI«H2N'^ >f 

^ NHSOzPh 

EDC, HOBT, NMM, DMF 
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cr^iTCMF 9^ rroNT'D) 



HOAc* 



N 



22£ 




NHS02Ph 



TFA-CHzCIa 



TFA* 



N 
I 

H 



23-7 




NHSOzPh 



Mpthvl 4-f2-b i-^TnnPthvnben7.oate (23-2] ^ . ■ 

22ilO.95g,8!60mmol) (Aldrich) was suspended in 50 
5 mL MeOH and S0C12 (5.0 mL. 69 mmol) was added dropwise. 
Following an exothennic reaction, the mixture was stir^d ^ RT for 
h, concentrated, and purified by flash filtration (sihca 5% EtOAc/ 
Lanes) providing 22=2 as a colorless oil. Rf 0.37 (sihca, 10% 

,0 ' iH^^i^To^^U CDC13) 5 8.00 (d, 3=8 Hz, 2H), 7.29 (d, 3=8 Hz. 
2H), 3.91 (s, 3H). 3.59 (t, J=7 Hz, 2H), 3.22 (d, J-7 Hz, 2H). 

Mcthvl A (7 -rv^^^pth vnben7 "atft (23 -31 — _ — 
■ Bromide ^ (0.52 g. 2.14 mmol) and KCN (167 mg 2.57 

,5 mmol) «ere combined in 10 mL DMSO. After 20 h. at RT and 15 h a. 
70° the reaction mixtuie was diluted with EtOAc, washed with water, 
la. N^^Ob! 10% KHS04 and brine, dried (MgS04), and concentrated 
^viding 2L as a yellow solid. Rf 0.23 (30% B.OAc*«anes^ 
IH-NMR (300 MHz. CDCI3) 8 8.02 (d. J=8 Hz. 2H), 7.32 (d, J-9 Hz, 

20 2H), 3.92 (s, 3H), 3.02 (t. J=7 Hz. 2H), 2.66 (t, J=7 Hz, 2H). 
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Me.thvl 4-r2-riTnidazol-2-vnethvnben7 nate hydrochloride (23-4) 

Nitrile 21:1 (400 mg, 2.1 1 mmol) was dissolved in 10 mL 
Et20 at O*' MeOH (289 ^iL, 4.2 mmol) was added, the mixture was 
saturated with anhydrous HCl. Once the white ppt. formed, the solvent 
was evaporated and replaced with MeOH (5 mL), cooled to 0°, and 
aminoacetaldehyde dimethylacetal (250 ^L, 2.3 mmol) was added. The 
reaction was heated to reflux for 3 days then concentrated, diluted in 10 
mL 6 N HCl and concentrated again providing 23-4 as a solid. 
Rf 0.16 (silica, 4:1:1 CH2Cl2/MeOH/HOAc). 

iH-NMR (400 MHz, D2O) 5 7.59 (d J=7 Hz, 2H), 7.04 (d, J=7 Hz, 2H), 
6.77 (m, 2H), 3.74 (bs, 2H), 289 (br s, 5H). 

4-r2-(lmida7r>1-2-vnethvllhenzoic ac id hydrochloride (23-5) 

Ester 21:4 (450 mg; 1.77 mmol) was dissolved in 6N HCl 
15 and stirred for 16 h. Concentration provided 23-5 as dark oil. Rf 0.28 
(silica, 4:1:1 CH2Cl2/MeOH/HOAc). 

iH-NMR (400 MHz, DMSO) 5 7.84 (d, J=8 Hz, 2H), 7.5 1 (s, 2H), 7.32 
(d, J=7 Hz, 2H), 3.27 (t, J=7 Hz, 2H), 3.19 (t, J=7, 2H). 

20 4-[2-(Imidazol-2-yl)ethyl]benzoyl-2(S)-phenylsulfonylamino-p-alanine 

fert -butyl e ster acetate (23-6) ^ 

Acid Zhl (ca 2 mmol), amine 2zi (700 mg, 2.0 mmol), 
HOBT (324 mg, 2.4 mmol), and NMM (0.77 mL, 7.0 mmol) were 
combined in 10 mL DMF at -15°. then EDC (364 mg, 1.9 mmol) was 
25 added The mixture was warmed to RT, stirred overnight, then 
concentrated. Flash chromatography (silica, 4:1:1 CH2CI2/ 
MeOH/HOAc) provided 2M, Rf 0.22 (silica, 4:1 :1 
CH2Cl2:MeOH:HOAc). 

30 4.[2-(Imidazol-2-yl)ethyl]benzoyl-2(S)-phenylsulfonylamino-P-alanine 

trifluoroaf -fttate (23-7) . ^ ■ — 

Ester 22=6 (100 mg, 0.2 mmol) was dissolved in 5 mL 
CH2CI2, and 5 mL TFA was added. After 1 h the reaction was 
concentrated and azeotroped with toluene. Flash chromatography 
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(silica, 50:1:1 EtOH/NH40H/H20) and preparative HPLC (Cl8, 0.1% 
TFAH2O/CH3CN) provided m. 

IH-NMR (400 MHz, D2O) 5 7.65 (d. J=7 Hz, 2H). 7.39 (d. J=8 Hz, 2H), 
7.28-7.20 (m, 3H), 7.15 (s, 2H), 7.1 1 (d. J=9 Hz, 2H), 3.91 (dd, J=10 4 
Hz. IH), 3.60 (dd, J=14, 4 Hz, IH), 3.32 (dd, J=14, 10 Hz, IH), 3.23 (t, 
J=7 Hz, 2H), 3.06 (t, J=7 Hz. 2H). 
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SCHEME 24 



O J — > 




CS2CO3, DMF 



COgMe 



24d 



TFA, CH2CI2 



HO2C, 




C02Me 



24-2 



i) (C0CI)2, cat DMF, benzene 

t >-NH2. DIPEA. DMF 
N 



24-3 

BHs'DMS, Toluene, A 



r ) — NH' 



C02Me 



24-4 



6 N HCI. 50° 
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^4-5 

HCI-H2N<j>f ^ 
NHSOzPh 

EDC, HOBT, NMM, DMF 

NHSOzPh 



24-6 
TFA, CH2CI2 




NHSOzPh 



24i 
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Methvl 4-(t-hiitvloxvacetvloxv'>be n7.nate (24-1) 

t-Butyl bromoacetate (0.83 mL, 5.1 mmol), methyl 4- 
hydroxybenzoate (780 mg, 5.1 mmol) and Cs2C03 (1.83 g, 5.6 mmol) 
were combined in 25 mL DMF. After 16 h, the reaction was diluted 
with ethyl acetate, washed with water, saturated NaHC03, 10% KHSO4 
and brine, dried (MgS04) and concentrated providing 2M. as a yellow 
oil. Rf 0.84 (silica, 50% EtOAC/hexane). 

IH-NMR (300 MHz, CDCI3) 6 7.96 (d, J=8 Hz, 2H), 6.88 (d, J=8 Hz, 
2H), 4.55 (s, 2H), 3.86 (s, 3H), 1.46 (s. 9H). • 

Methvl 4-Cnarhoxvmethvloxv)ben 7nate (24-2) 



Ester 24-1 was dissolved in 15 mL CH2CI2, then 15 mL 
TEA was added. After 2 h, the mixnire was concentrated providing 2^ 
2 as a white solid. 

15 iH-NMR (300 MHz, DMSO) 5 7.91 (d, J=9 Hz, 2H), 7.03 (d, J=9 Hz, 
2H), 4.79 (s, 2H), 3.82 (s, 3H). 

M ^ ^hvl 4-r(thiazol-2-vlamino) apP-tvlnxv1bp-n7.nate (24-3) 



Acid 24-2 (1 .0 g, 5 mmol) was suspended in 25 mL 
20 benzene, a few drops of DMF were added, then oxalyl chloride (1 .3 ml, 
15 mmol) in two portions. Once the gas evolution stopped, the 
homogeneous solution was concentrated, diluted with 25 mL DMF, and 
treated with 2-aminothiazole (550 mg, 5.5 mmol) and DIPEA (1 mL, 
5.7 mmol). This mixture was stirred for 16 h, diluted with EtOAc, 
25 washed with water, sat. NaHC03, and brine, dried (MgS04) and 
concentrated providing 24-3 as an orange solid. 
iH-NMR (400 MHz, CDCI3) 5 8.06 (d, J=9 Hz, 2H), 7.50 (d, J=4 Hz, 
IH), 7.05 (d, J=4 Hz, IH), 7.00 (d, J=9 Hz), 4.80 (s, 2H), 3.91 (s, 3H). 

30 Mpthvl 4-r2-(tbia7nl-2-vlam inn)ethvloxvlbp.n7,oate (?4-4) 



Amide 2^ d-O g. 3.4 mmol) was dissolved in 7 mL 
toluene at 0°, and BH3-DMS (341 ^L. 3.6 mmol) was added. After 15 
min the reaction was heated to reflux for 16 h, cooled to 0°, and 
quenched with 10% Na2C03. The mixmre was extracted with EtOAc, 
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the organic phase was washed with water and brine, dried (MgS04), 
concentrated, and purified by flash chromatography (smca, 70% 
EtOAc/hexane) providing 2^ as a white soUd. Rf 0.64 (sihca, 

EtOAc) 

IH-NMR (400 MHz, CDCI3) 6 7.99 (d, J=9 Hz, 2H). 7.14 (d, J=4 Hz, 
IH), 6.92 (d. J=9 Hz, 2H). 6.53 (d, J=4 Hz, IH). 4.24 (t, J=5 Hz. 2H). 
3.89 (s. 3H). 3.79 (q, J=5 Hz, 2H). 

.iaTn1-9-vlflmiTio V th Y)nyv1henzoir arid hydrochloride (24-^) 
10 Ester 24=4 (180 mg. 0.65 mmol) was heated at 50" in 6 mL 

6 N HCl for 16 h, then concentrated providing 24ii as as yellow sohd. 
Rf 0.68 (silica. 9:1 :1 CH2Cl2AieOH/HOAc). . , . ^ 

IH-NMR (300 MHz. CD3OD) 5 7.96 (d, J=9 Hz. 2H). 7.30 (d. J=4 Hz. 
IH). 7.00 (d. J=9 Hz. 2H). 6.97 (d. J=4 Hz. IH). 4.34 (t. J= 5 Hz. 2H). 
15 3.89 (t. J=5 Hz. 2H). 

4-[2-(Thiazol.2-ylamino)ethyloxy]benzoyl-2(S)-phenylsulfonylamino-P- 

alaninp. tert-bntvl estef (24-6) . — 

Acid 24=^ (160 mg. 0.60 mmol), amme 2zl (215 mg. 0.60 
20 mmol). EDC (140 mg. 0.73 mmol). HOBT (98 mg. 0™°^);^^ 
NMM (235 nL. 2.1 mmol) were combined in 3 mL DMF at -15 . AJier 
stirring at RT for 16 h. the reaction was diluted with EtOAc washed 
with water, sat. NaHC03 and brine, dried, concentrated, and punfied 
by flash chromatography (siUca, 70% EtOAc/hexane) providmg 2^ as 
25 an off-white solid. Rf 0.54 (silica, EtOAc). , , « u 

IH-NMR (400 MHz. CDCI3) 5 7.86 (d, J=8 Hz. 2H). 7.76 (d. J=9 Hz. 
2H) 7 57 (t. J=8 Hz. IH). 7.50 (t, J=8 Hz, 2H). 7.14 (d, M Hz. IH). 
6.92 (d. J=9 Hz. 2H). 6.70 (br m. 1 H), 6.53 (d, J=4 Hz IH). 4.21 (t. 
J=5 Hz. 2H), 3.95-3.85 (m. 2H). 3.77 (t. J= 5Hz. 2H), 3.58 (m, IH). 
30 1.28 (s. 9H). 
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4-[2-(Thiazol-2-ylainino)ethyloxy]benzoyl-2(S)-phenylsulfonylamino-p- 

^\mn^ (?4-7) — . ^ . . ^ . 

Ester 24=6 (1 97 mg, 0.36 mmol) was dissolved in 1 .8 mL 
CH2CI2 and treated with 1.8 mL TFA. Once the starting material had 

5 disappeared, the reaction was concentrated, and flash chromatography 
(silica, 18:10:1:1 EtOAc/EtOH/NH40H/H20) provided 24£Z as a white 
solid. Rf 0.26 (silica, 18:10:1:1 EtOAc/EtOH/NH40H/H20). 
IH-NMR (400 MHz, D2O) 5 7.52 (dd, J=8, 2 Hz, 2H). 7.41 (d, J=9 Hz, 
2H), 7.10-7.04 (m, 3H), 6.93 (d, J=4 Hz, IH). 6.89 (d, J=9 Hz, 2H), 

10 6.53 (d, J=4 Hz, IH), 4.21 (t, J= 5 Hz, 2H), 3.60 (t, J=5 Hz, 2H), 3.55- 
3.44 (m, 2H), 3.06 (dd, J=13, 9 Hz, IH). 
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SCHEME 25 



N NH(CH2)2* 



NHCbz 
Isobutylene, 
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COa^Bu 
HNCbz 



N NH(CH2)2' 



25J. 



W A 

N NH(CH2)2' 



25-2 



C 



A 

N NH(CH2)2' 



25a 

BOP, NMM. DMF 




NHCbz 



TFA/CH2CI2 




,C02H 




H NHCbz 



HCI/AcOH.10%Pd/C, 
H2 



H NH2 



^5-3 
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10 




dioxane, H2O. NMM 



N^NH(CH2)20-^y;HCNH^^ 



H NHCbz 



tert-Butyl 2(S)-Benzyloxycarbonylainino-3-aminopropionate 

V^yrfmchloride (25-3) , -— 

Following the procedure for converting 2db to 2JL» 3- 
amino-2(S)-benzyloxycarbonylaminopropionic acid (230 mg, 1.0 mmol; 

Fluka) gave,25=a as a white solid. 

IH NMR (300 MHz, D2O) 5 7.45 (br s, 5H), 5.18 (s, 2H), 4.35 (m, IH). 
3.35 (m, IH), 3.05 (m, IH), 1.45 (s, 9H). 

4-[2-(Pyriinidin-2-ylamino)ethyloxy]benzoyl-2(S)-benzyloxycarbohyl- 
}^mino-p-alanine tert- Vii'tYl ftster (25- H 



To a stirred solution of (400 mg, 1 .5 mmol), 
(538, 1.6 mmol), DMF (10 mL), and NMM (6.27 mg, 6.0 mmol) at 
15 ambient temperature was added BOP reagent (717 mg, 1.6 mmol). 
After 24 h, the reaction mixmre was diluted with EtOAc and then 
washed with H2O and brine, dried (MgS04) and concentrated. Flash 
chromatograpy (silica, 60% EtOAc/hexanes) gave 25ii as a yellow oil. 
TLC Rf 0. 14 (silica, 60% EtOAc/hexanes); 
20 IH NMR (300 MHz, CD3OD) 5 8.22 (m, 2H). 7.68 (m, 2H), 7.24 (m, 
5H). 6.92 (m, 2H), 6.06 (m, IH), 5.00 (m, 2H). 4.30 (m, IH), 4.13 (m, 
2H), 3.72 (m. 2H), 3.67 (m, 2H), 1.32 (s, 9H). 



95/32710 



PCT/US95/05938 



- 136- 

4-[2-(Pyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)-benzyloxycarbonyl- 

^mino-p-alanine (25-2^ " „ 

A solution of 25ii (840 mg, 1.6 mmol) and CH2C12 (10 
ml) at ambient temperature was treated with TFA (10 ml). After 

5 stirring for 4.0 h, the reaction mixture was concentrated and the 

residual TFA removed azeotropically with toluene. Trituration of the 
resulting waxy soUd with ether provided 25i2 as a white solid. 
IH NMR (300 MHz, CD3OD) 5 8.41 (m ,2H), 7.67 (m, 2H), 7.22 (m, 
5H), 6.91 (m, 2H), 6.82 (m, 2H), 4.98 (m, 2H), 4.38 (m, IH). 4.20 (m, 

10 2H), 3.83 (m, 2H), 3.72 (m, IH), 3.62 (m, IH). 

4-[2-(3,4,5.6-Tetrahydropyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)- 

amiTin-p-a)flnill? (?^3) 

A mixture of 25z2 (500 mg, 1.0 mmol), cone. HCl (6 mL), 
15 AcOH (30 mL) and 10% Pd/C (300 mg) was shaken on a Parr apparatus 
under a hydrogen atmosphere (70 psi) at ambient temperature for 3.0 h. 
The mixmre was then filtered through a celite pad, the filtrate 
concentrated and the residual AcOH removed azeotropically with 
toluene. The residue was triturated with 8:1:1 ethanol/NH40H/H20. 
20 The soUd was collected by filtration, washed with ether and dried in 
■ vacuo to give mas a yellow solid. TLC Rf 0.17 (silica, 8:1:1 

ethanol/NH40H/H20); 

IH NMR (300 MHz, CD3OD) 5 7.84 (d, J=9 Hz, 2H), 7.02 (d, J=9 Hz, 
2H), 4.22 (m. IH), 4.12 (m. 2H). 4.00-3.30 (m, 8H), 1.92 (m, 2H). 

25 

4-[2-(3,4.5.6-Tetrahydropyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)- 

hpnzvloxvcarhnnvlami nn-p-alanine (25-5) 

A stirred solution of m (360 mg, 1.0 mmol), dioxane (5 
mL), H2O (5 mL) and NMM (453 ^L, 4.0 mmol) at ambient 
30 temperamre was treated with ^ (Aldrich) (257 mg, 1 .0 mmol). 
After 1 0 h the solution was concentrated. Hash chromatography 
(siUca, 10:1:1 ethanolA^40H/H20) gave 2^ as a white soHd. TLC 
Rf 0.34 (silica, 10:1:1 ethanol/NH40H/H20); 
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IH NMR (300 MHz, DO/CDsOD) 5 7.80 (d, J=9 Hz, 2H), 7.31 (m, 
5H). 7.02 (d, J=9 Hz, 2H), 5.07 (m, 2H), 4.50 ( m. IH), 4.19 (m, 2H), 
3.77 (m, 2H), 3.62 (m. 2H), 3.38 (m, 4H), 1.97 (m, 2H). 



SCHEME 26 



BOCNH(CH2)40 




CO2CH3 



H 



NH, 



6-6 



benzoyl chloride, CH2CI2, 
pyridine 



BOC-NH(CH2)40 
26-1 




a) TFA/CH2Cl2 

b) 2-bromopyrimidine, DIPEA, 
DMF, sec 



<^ V- NH{CH2)40-<^) ^COgCH; 



26-2 
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II 
O 
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qrHFMF. 26 (CONT'D) 



HCI' 



26-2 



6N HCI, 50°C 



NH(CH2)40 
26-3 




COgH 

NHCPh 
II 
O 



10% Pd/C, AcOH, HCI, Hg 



/^Y- NH(CH2)40-^)— s^COgH 



■N 
H 



26-4 



H NHCPh 
II 
O 



Methyl 2(S)-benzoylamino-3-[4-(4-N-BoG-aininobutyloxy)phenyI]- 

5 propionat e f26-n = — 

A solution of ^ (600 mg, 1.6 mmol), pyridine (265 ^lL, 
3.3 mmol) and CH2CI2 (10 mL) at ambient temperature was treated 
with benzoyl chloride (228 ^L, 2.0 mmol). After 24 h the solution was 
diluted with EtOAc and washed with H2O. sat. NaHC03, 10% KHSO4 

10 and brine, dried (MgS04) and concentrated. Flash chromatography 
(siUca, 30% EtOAc/hexanes) gave 2^ as a white solid. 
TLC Rf 0.15 (silica, 30% EtOAc/hexanes); 

iH NMR (300 MHz, CD3OD) 5 7.65 (m. 2H), 7.39 (m, 3H), 7.07 (m, 
2H), 6.76 (m. 2H), 4.05 (m, IH), 3.88 (m, 2H), 3.66 (s, 3H), 3.20-2.90 
15 (m, 4H), 1.80-1.50 (m, 4H), 1.39 (s, 9h). 
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Methyl 2(S)-benzoylamino-3-[4-(4-pyrimidin-2-ylaminobutyloxy)- 

phRnvllpropionate (26-2) 

A solution of (375 mg, 0.8 mmol), CH2C12 (4 mL) 
and TFA (4 mL) was stirred at ambient temperature for 2.0 h. The 

5 solution was concentrated and the residual TFA removed azeotropically 
with toluene. The residue was dissolved in DMF (4 mL) then treated 
sequentially with DIPEA (414 nL, 3.2 mmol) and 2-bromopyrimidine 
(152 mg, 0.95 mmol) and then heated at SOX for 20 h. The cooled 
reaction mixture was diluted with EtOAc and then washed with H2O 

10 and brine, dried (MgS04) and concentrated. Flash chromatography 
(silica, 50% to 80% EtOAc/hexanes) gave 26-2 as a brown oil. 
TLC Rf 0.34 (silica, 80% EtOAc/hexanes); 
iH NMR (300 MHz, CD3OD) 5 8.17 (m. 2H), 7.68 (d, J=9 Hz. 2H), 
7.40 (m, 3H), 7.09 (m, 2H), 6.76 (d, J=9 Hz, 2H), 6.49 (m, IH), 4.05 

15 (m, IH), 3.90 (m, 3H), 3.68 (s, 3H), 3.40, 2.90 (m, 4H), 1.72 (m, 4H). 

2(S)-Benzoylamino-3-[4-(4-pyrimidin-2-ylaminobutyloxy)phenyl]- 

prnpinnic a rid hydrochloride (26-3) 

A solution of 2^ (250 mg, 0.56 mmol), in 6N HCl (6 
20 mL) was heated at 60*0 for 2.0 h. The solution was concentrated to 
give 26-3 as a solid, which was used directly in the next step. 

2(S)-Benzoylamino-3-[4-(4-(3,4,5,6-tetrahydropyrimidin-2-ylamino)- 
hiitvloxv)Dhenvnpropi onic acid (26-4) _ 

25 A mixture of 2^ (250 mg, 0.56 mmol), AcOH (20 mL), 

cone. HCl (3 mL) and 10% Pd/C (150 mg) was shaken on the Pan- 
apparatus (60 psi) at ambient temperature for 2.5 h. The reaction 
mixture was then filtered through a celite pad and the filtrate 
concentrated. Flash chromatography (siHca, 10:1:1 to 9:1:1 

30 ethanol/NH40H/H20) gave 2M. as a white sohd. 
TLCRf (silica,9:l:l ethanol/NH40H/H20); 

iH NMR (400 MHz, CD3OD) 5 7.78 (m, 2H), 7.60-7.40 (m, 3H), 7.17 
(d, J=9 Hz, 2H), 6.79 (d, J=9 Hz, 2H), 4.70 (m, IH), 3.96 (m, 2H), 3.33 
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(m, 4H). 3.30 (m. IH), 3.16 (m, 2H), 3.1 1 (ra, IH), 1.95 (m, 2H), 1.80 
(m,2H), 1.73 (m,2H). 

SCHEME 27 

NH(CH2)20-^^-CNH s^COg'Bu 

19^7 H NHSOgPh 

CH3OH, PhaP, DIAD. THF 

W^J NH(CH2)20-^^-CNH s^COg^Bu 

27-1 ^ N-SOgPh 

CH3 

TFA/CH2CI2 

NH(CH2)20— ^^-CNH ^^°2H 

27-2 '^'N-S02Ph 

CHo 
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SCHEME 27 (CONT'D') 
10%Pd/C.AcOH, HCI, H2 




N NH(CH2)20H^^ 



27-3 




4-[2-(Pyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)-(N-rnethyl)- 
phenvlsulfonvlamino-B-a lanine tert-bntvl ester (27-1) 

5 A solution of IM (190 mg, 0.35 mmol), CH3OH (28 ^L, 

0.7 mmol), Ph3P (101 mg, 0.39 mmol), DIAD (758 ^L, 0.9 mmol) and 
THF (10 mL) was stirred for 24 h at ambient temperature. The 
reaction mixture was then diluted with EtOAc and washed with H2O 
and brine, dried (MgS04) and concentrated. Flash chromatography 

1 0 (sihca, CHCI3 saturated with NH3) gave crude 2IiL as a gum. 
TLC RfM).21 (silica, 20% acetone/CH2Cl2); 
IH NMR (300 MHz, CDClS) 6 8.29 (d, J=5 Hz, IH), 7.90-7.40 (m, 
lOH), 6.90 (d. J=9 Hz, 2H), 6.57 (m, IH), 4.72 (m, IH), 4.19 (m, 2H). 
3.87 (m, 2H), 2.90 (s, 3H), 1.30 (s, 9H). 



4-[2-(Pyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)-(N-methyl)- 
phenvlsulfnnvlamino -p-alanine (27-2) 



A solution of ZM (190 mg, 0.35 mmol), TFA (4 mL) and 
CH2CI2 (8 mL) was stirred at ambient temperature for 4 h. The 
20 reaction was concentrated and the residual TFA removed azeotropically 
with toluene. Flash chromatography (silica, 95/2.5/2.5 
CH2CI2/CH3OH/ACOH) gave 22:2 as a colorless foam. 
TLC Rf=0.26 (silica, 9:0.5:0.5 CH2CI2/CH3OH/ACOH); 



wo 95/32710 



PCTAJS9Sfl)5938 



- 142- 

iH NMR (300 MHz, CD3OD) 5 8.30 (d, J=5 Hz, 2H). 7.74 (d, J=l 1 Hz, 
2H), 7.71 (d, J=9 Hz, 2H), 7.45-7.25 (m, 3H). 6.99 (d, J=9 Hz, 2H), 
6.62 (m, IH), 5.80 (m, IH), 4.21 (m, 2H), 3.90 (m, IH). 3.79 (m, 2H). 
3.60 (m, IH), 2.89 (s, 3H). 

5 

4-[2-(3 ,4,5 ,6-Tetrahydropyrimidin-2-y lamino)ethyloxy]benzoyl-2(S)- 

(N-methyDphenvlsulfonvlamino- P-alanine r27-3) 

A mixture of 22=2 (190 mg, 0.35 mmol), HOAc (10 mL), 
cone. HCl (0.6 mL) and 10% Pd/C (38 mg) was shaken on the Parr 
10 apparatus (40 psi) at ambient temperature for 2.0 h. The reaction 
mixtore was filtered through a cehte pad and the filtrate concentrated. 
Flash chromatography (sihca, ethanol/NH40H/H20 9:0.5:0.5) gave 22:^ 

as a colorless lyophilizate. 
TLC Rf 0.34 (silica. 8:1:1 ethanol/NH40H/H20); 
15 1 H NMR (300 MHz, CDCI3) 5 7.80 (m, 4H), 7.55-7.35 (m, 3H), 7.02 
(d, J=9 Hz, 2H), 7.02 (d, J=9 Hz, 2H), 4.95 (m, IH), 4.20 (m, 2H), 3.86 
(m, IH), 3.69 (m, IH), 3.59 (m, 2H), 3.38 (m, 4H), 2.88 (s, 3H), 1.95 
(m, 2H) 
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H 



N>^SCH3 




,.1969.1,772) 




N 



DMF, DIPEA. 12J.. 100«C 



N'^ NH(CH2)20 — 



O 
11 

CNH 



H 



H 



CO2H 
NHSOsPh 



r5.6-Dihvdrn-4-keto-( 1 HVpvrimidin-2-vnmeth Yl sulfide (28-2^ 

A suspension of 28J. (1-98 g, 15.2 mmol) in THF (40 mL) 
was treated with iodomethane and stirred at ambient temperature for 60 
h. The heterogeneous reaction mixture was then filtered to give 28;2 as 
a colorless crystalline solid m.p. = 205 °C (D). 
IH NMR (300 MHz. CD3OD) 5 3.90 (t. J=7 Hz, 2H), 2.91 (t, J=7 Hz, 

2H), 2.77 (s. 3H). 



10 
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4-[2-(N-(5,6-Dihydro-4-keto-l(HT-pyriinidin-2-yl)amino)ethyloxy]- 

A solution of ^ (272 mg, 1.0 mmol), 12ii (222 mg, 0.5 
mmol), DIPEA (261 \iU 1-5 mmol) and DMF (5 mL) was heated at 
5 100°C for 20 h. The cool reaction mixture was concentrated. 

Hash chromatography (sihca, 95% ethanol/NH40H) and 
preparative HPLC (CIS, 0.1% TFA in H2O/CH3CN) provided pure 
2R-3 as a colorless solid after lyophilization. 
TLC Rf 0.58 (silica, 95% ethanol/NH40H); 
10 1 H NMR (300 MHz, CD3OD) 6 7.83 (d, J=7 Hz, 2H), 7.78 (d, J=9 Hz, 
2H), 7.48 (m, 3H), 7.02 (d. J=9 Hz, 2H), 4.26 (m, 2H), 4.20 (m, IH), 
3.80-3.60 (m, 4H), 3.48 (m. IH), 2.76 (t, J=7 Hz, 2H). 
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HC=C-TMS + Br 



SCHEME 29 




COgEt 



{PhgPjgPdCIa 
Cul 

EtaN.CHsCN.lOO" 



TMS-C =C -^^^ 

I K2CO3, EtOH 

HCSC-^^COzEt 
29-2 



jCl. 



HgN N Br 

(Ph3P)2PdCl2 
Cul 

EtgN.CHgCN.lOO*' 



^^\- = — ^-CO^Et 



1 N NaOH, EtOH 
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H2N 22:^ 

NHSOgPh 
EDC, HOBT. NMM, DMF 



>=N " NHSOzPh 

HoN 22:5 



TFA. CH2CI2 



>=N " NHSOgPh 

H2. Pd/C, aq NaOH 




CO2H 



p9-7 



NHS02Ph 



:| ^y] a (t rimftt^ y lsi| YlP'f^vnvl)^ft^^zoate 

TMS-acetylene (Aldrich) (5.0 mL, 35.5 mmol), ethyl 4- 
bromobenzoate (58 mL, 35.5 mmol) and Et3N (20 mL 144 mmol) 
were combined in 50 mL CH3CN in a glass pressure tube. 
(Ph3P)2PdCl2 (198 mg, 0.28 mmol) and Oil (100 mg, 0.53 mmol) 
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were added, and the reaction was sealed and heated at lOO'* for 18 h. 
Dilution with EtOAc, washing twice with water, then brine, drying ar 
concentration provided 22il as a brown liquid. 
Rf 0.60 (silica, 10% EtOAc/hexane). 
5 IH NMR (300 MHz, CDCI3) 5 7.97 (d, J=8 Hz, 2H), 7.51 (d, J=9 Hz, 
2H), 4.37 (q, J=7 Hz, 2H). 1.40 (t, J=7 Hz, 3H), 0.26 (s, 9H). 



Silylacetylene 22ii (9.40 g, 38 mmol) was dissolved in 100 
10 mL EtOH, K2CO3 (0.25 g 1 .8 mmol) was added and the mixture was 
stirred for 16 h, concentrated, and purified by flash chromatography 
(silica, 5% Et20/hexane) provided 22=2 as a yellow oil. 
Rf 0.47 (silica, 10% EtOAc/hexane). 

iH NMR (300 MHz, CDCI3) 5 8.00 (d, J=8 Hz, 2H), 7.55 (d, J=8 Hz. 
15 2H), 4.38 (q, J=7 Hz, 2H), 3.22 (s, IH), 1.40 (t, J=7 Hz, 3H). 

Fthvl 4-(2-aminnpvridin -6-vlp-thvnvl)V>pnrnate (29-3) — 

2-Amino-6-bromopyridine (0.38 g, 2.4 mmol), alkyne 
29-2 (0.35 g, 2.0 mmol), Et3N (1.0 mL. 7.2 mmol), (Ph3P)2PdCl2 (76 
20 mg. 0.1 1 mmol), an Cul (26 mg, 0.14 mmol) were combined in 5 mL 
CH3CN, sealed in a glass pressure tube and heated to 100 for 3 h. ine 
mixture was diluted with EtOAc, washed with water and brine, dried 
(MgS04), concentrated, and purified by flash chromatography (silica, 
5% acetone/hexane), to give 22:^ as a tan solid. 
25 RfO.45 (silica, 10% acetone/hexane). 

iH NMR (300 MHz. CDCI3) 5 8.03 (d, J=8 Hz, 2H), 7.64 (d, J=8 Hz, 
2H) 7 44 (t, J=8 Hz, IH), 6.95 (d, J=7 Hz, IH), 6.50 (d, J=8 Hz, IH), 
4.55 (br s, 2H), 4.39 (q, J=7 Hz, 2H), 1.40 (t, J=7 Hz, 3H). 

30 A.(9./Vmifiopvri^i^-^-v1pthvnvnbpn7oir acid (29-4) 

^ M^^^ « 10 1^ INI 



Ester 22il (300 mg, 1.13 mmol) and IN NaOH (2.8 mL. 
2 8 mmol) were combined in 6 mL EtOH. After 16 h the mixmre was 
concentrated, EtOAc was added, and water and 10% KHSO4 were 
added to pH 7. The resulting precipitate was collected, the organic 
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phase was washed with brine, dried and concentrated. Both fractions 
contained 29-4. an orange/yellow solid. 
Rf 0.50 (silica, 18:1:1 CH2Cl2/MeOH/HOAc). 
iH NMR (400 MHz, CD3OD + NaOD) 5 7.95 (d, J=9 Hz, 2H), 7.53 (d, 
5 J=9 Hz, 2H), 7.46 (dd, J=9,7 Hz, IH), 6.84 (dd, J=7,l Hz, IH), 6.58 (dd, 
J=8,l Hz, IH). 

4-(2.Aimnopyridin.6-ylethynyl)benzoyl-2(S)-phenylsulfonyl-amino-P- 

alanine t-bu tvl ester (29-5^ _ . 

10 Acid 2M (234 mg, 0.98 mmol), amine 2zl (35 1 mg, 0.98 

mmol), EDC (225 mg, 1.2 mmol), HOBT (159 mg, 1.2 mmol) and 
NMM (323 \lU 2.9 mmol) were combined in 5 mL DMF. After 16 h 
the mixture was diluted with EtOAc, washed with water, sat. NaHC03 
and brine, dried (MgS04), concentrated and chromatographed (silica, 
15 80% EtOAc/hexane) providing 22iS. 
Rf 0.53 (EtOAc, silica). 

IH NMR (300 MHz, CDCI3) 5 7.86 (d, J=8 Hz, 2H), 7.76 (d, J=9 Hz, 
2H). 7.62 (d, J=9 Hz, 2H). 7.57-7.41 (m. 4H), 6.95 (dd, J=7,l Hz, IH), 
6.86 (br m. IH) 6.50 (dd, J=8, IH, IH), 5.92 (br m, IH), 458 (br s. 
20 2H). 4.00-3.84 (m, 2H), 3.62 (m, IH), 1 .29 (s, 9H). 

4-(2-Aminopyridin-6-ylethynyl)benzoyl-2(S)-phenylsulfonyIamino-p- 

alanine (29-6) . 

Ester 22=^ (375 mg, 0.72 mmol), was dissolved in 3.6 mL 
25 CH2CI2/3.6 mL TFA. After 2 h the reaction was concentrated, 

azeotroped with toluene, and triturated with 10: 1 : 1 EtOHAW40H/H20, 
providing 22s^ as a light yellow soUd. 

IH NMR (400 MHz, D2O + NaOD) 5 7.55-7.45 (m, 4H), 7.45-7.36 (m, 
3H), 7.10-7.05 (m, 3H), 6.86 (m, IH), 6.54 (m, IH), 3.54-3.42 (m, 2H), 
30 3.04 (m, IH). 
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4-[2-(2-Aminopyridin-6-yl)eihyl]benzoyl-2(S)-phenylsulfonylamino-p- 

alanine r29-7) — 

Alkyne 29-6 (60 mg, 0. 1 3 mmol), was suspended in 1 .3 mL 
H20, 1 N NaOH was added until the mixture was homogeneous, 10% 
5 Pd/C (12 mg) was added, and an H2 balloon was applied. After 16 h the 
reaction was filtered, concentrated, and purified by flash 
chromatography (silica, 12:10:1:1 EtOAc/EtOH/NH40H/H20) 
providing 29-7 as a white solid. 

iH NMR (300 MHz, D2O + NaOD) 5 7.73 (d, J=8 Hz, 2H), 7.52 (d, J=9 
10 Hz, 2H), 7.34 (d, J=8 Hz, 2H), 7.30-7.15 (m, 3H), 6.67 (d, J=7 Hz, IH), 
6.62 (d, J=8 Hz, IH), 3.80-3.68 (m, 2H), 3.35-3.05 (m, 5H). 
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srHFME 30 




i) LDA.THF.-78° 

ii) (EtO)2CO. -78" 




DIBAL.CH2Cl2.-78toRT 
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^r}^MF. (CONT'D^ 

ho-Qk. 

DIAD. PhgP.THF 



•C02Me 




3QA 



6N HCl. 50° 



HOAcHgN 




COoH 



HCI-HgNO^^ ^ 

NHSOgPh 

2ii 



EDC, HOBT, NMM, DMF 
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<;rHFMP (CONT'D) 




TFA. CH2CI2 



NHSOgPh 



TFA'HgN 




2£bl 



COgH 
NHSOjPh 



Rthvl 2-Ch1nropvridin-ft-vlaceta te (30-11 



LDA (69 mmol) was prepared in 50 mL THF, cooled to 
-78°, and 6-chloro-2-picoline (Aldrich) (3.7 mL, 34 mmol) was added 
dropwise. forming a precipitate. After 15 min, diethylcarbonate (4.9 
mL, 41 mmol) was added, the burgundy solution was stirred at -78° for 
15 min more then quenched with sat. NH4CI. The mixture was warmed 
to RT, extracted twice with EtOAc, the organic layers were washed 
with brine, dried (MgS04), and concentrated. Flash chromatography 
(sihca, 10% EtOAc/hexane) provided 304 as a yellow oil. 
Rf 0.41 (silica, 20% EtOAc/hexane). 

IH NMR (400 MHz, CDCI3) 5 7.64 (d, J=8 Hz. IH), 7.27-7.24 (m, 2H), 
4.19 (q, J=7 Hz, 2H), 3.83 (s, 2H), 1.27 (t, J=7 Hz, 3H). 



7-(2-Chloropyridin-6-v l)ftthanol (30-2) 



Ester 3Q=\ (1.34 g, 6.7 mmol) was dissolved in 10 mL 
CH2CI2 at -78°, DIBAL (1 M in CH2CI2, 17 mL, 17 mmol) was added, 
the mixture was waraied to RT for 15 min before quenching in a 
mixmre of 25 mL saturated aqueous Na-K tartrate and 100 mL EtOAc. 
This mixture was shaken vigorously. The phases were allowed to 
separate, and the organic layer was washed with brine, dned (MgS04), 
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concentrated and chromatographed (silica, 40% EtOAc/hexane), 

providing 30-2 as a yellow oil. 

Rf 0.26 (silica. 50% EtOAc/hexane). 

iH NMR (400 MHz. CDCI3) 5 7.59 (t, J=8 Hz. IH), 7.20 (t, J=8 Hz, 
5 IH), 7.12 (d, J=8 Hz. IH). 4.02 (q. J=6 Hz, 2H), 3.10 (t. J=6 Hz, IH), 
3.01 (t, J=5 Hz, 2H). 

9,-r2-(4-Metbnyvh&n2vla ininn^pvridir-^-Y!lftthann1 (30-3^ 

Chloropyridine 2Qi2 (150 mg, 0.95 mmol) and 4- 

10 methoxybenzylamine (4 mL, 3 1 mmol) were combined neat and heated 
in a sealed tube at 160° for 4 days. After diluting with EtOAc and 
water the pH was adjusted to 7 phases separated and the organic phase 
was washed with brine, dried (MgS04) and concentrated. Flash 
chromatography (twice on silica. 50% and 40% EtOAc/hexane) 

15 provided 30-3 as a yellow semi-solid. 
Rf 0.38 (silica, 50% EtOAc/hexane). 

IH NMR (400 MHz. CDCI3) 5 7.34 (t. J=8 Hz, IH). 7.29-7.23 (m. 3H). 
6.90-6.85 (m 3H). 6.43 (d. J=7Hz. IH). 6.26 (d, J=8 Hz. IH). 4.76 (br 
m. IH), 4.39 (d. J=6 Hz, 2H), 3.95 (t, J=5 Hz, 2H), 3.80 (s, 3H), 2.84 (t. 
20 J=5Hz,2H). 

Methyl 4-[2-(4-methoxybenzylamino)pyridin-6-yl)ethyloxy]benzoate 

Methyl 4-hydroxybenzoate (68 mg, 0.45 mmol) and Ph3P 

25 (175 mg. 0.67 mmol) were dissolved in 5 mL THF. A solution of 20=1 
(1 15 mg, 0.44 mmol) and DIAD (123 nL. 0.62 mmol) in THF was 

slowly added. After 1 h the reaction was concentrated and purified by 
flash chromatography (silica, 20% EtOAc/hexane) providing 2M as an 

off-white solid. 
30 Rf 0.64 (silica, 50% EtOAc/hexane). 

iH NMR (300 MHz, CDCI3) 5 7.96 (d, J=9 Hz, 2H), 7.36 (t, J=8 Hz, 
IH). 7.28-7.24 (m. 2H). 6.93-6.83 (m. 4H). 6.55 (d, J= 7 Hz, IH). 6.25 
(d. J=8 Hz. IH). 4.4M.34 (m, 4H). 3.88 (s. 3H), 3.79 (s. 3H). 3.10 (t. 
J=7Hz.2H). 
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Ester (240 mg, 0.61 mmol) was dissolved in 6N HCl 
and heated at 50'' for 16 h. Concentration and flash chromatography 
(silica, 18:1 :1 CH2Cl2/MeOH/HOAc) provided 20:5 as a light orange 

solid. 

Rf 0.19 (silica. 18:1:1 CH2Cl2/MeOH/HOAc). 
IH NMR (300 MHz. DMSO) 5 7.88 (d. J=8 Hz, 2H), 7.29 (t, J=8 Hz, 
IH). 6.90 (d, J=8 Hz, 2H), 6.45 (d. J=7 Hz, IH), 6.29 (d, J=8 Hz, IH), 
4.30 (t, J=7 Hz, 2H), 2.94 (t, J=6 Hz, 2H), 1.83 (s). 

4-[2-(2-Aminopyridin-6-yl)ethyloxy)benzoyl-2(S)-phenylsulfonyl- 

^mino-P-ab "inp t-hutvl ftster (30-6) -— 

Acid 30i5 (100 mg. 0.31 mmol), amine 2=i (210 mg, 0.59 
mmol), EDC (90 mg. 0.47 mmol). HOBT (63 mg. 0.47 mmol) Mid 
15 NMM (150 ^L, 1.4 mmol) were combined in 2 mL DMF at -15°. After 
warming to RT for 16 h the mixture was concentrated and 
chromatographed (silica, 9:1:1 CH2Cl2/MeOH/HOAc), providmg 20:^. 
Rf 0.32 (silica, 9:1:1 CH2Cl2/MeOH/HOAc). 

20 4-[2-(2-Aminopyridin-6-yl)ethyloxy]benzoyl-2(S).phenylsulfonyl- 

aminn-p-al3 nine (30-7) ^ — — 

Ester 2M (120 mg, 0.22 mmol) was dissolved m 1 mL 
CH2C12, and 1 mL TFA was added. After 1 h the reaction was 
concentrated azeotroped with toluene, chromatographed 
25 (silica, 18:l:l-> 9:l:l-> CH2Cl2/MeOHA10Ac) and purified by prep 
HPLC (Cl8, 0.1% TFA in H2O/CH3CN) providing as a white 
solid. 

Rf 0.33 (silica, 4:1:1 CH2Cl2AleOHmOAc). 
IH NMR (400 MHz, D2O) 5 7.46 (d, J=7 Hz, 2H), 7.36-7.29 (m, 3H), 
30 7.02-6.95 (m, 3H), 6.79 (d, J=8 Hz, 2H), 6.57 (d, J=8 Hz, IH), 639 (d, 
J=8 Hz, IH). 4.28 (t, J=7 Hz, 2H), 3.50-3.40 (m. 2H). 2.98 (m, IH), 
2.91 (t,'j=5 Hz, 2H). 
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SCHEMEBl 



COgH 




NH2 




1) PPA, 100»C,3h. 

2) NaOH 




HOBT. EDC, DMF. NMM HChHzN' 'OtBu 

HNSOaPh 

2iL 



HNSOgPh 
O 




TFA, CH2CI2 
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HNSOgPh 



Pd/C. MeOH. NaOH 




O 




21:2 



ythf»nv11hen7 nip arid (31-: 

Tsolution of Mzl (546 mg, 5.0 mmol), (Aldrich) 2:^ 
(1030 mg, 5.0 mmol) (Chem. Pharm. Bull 26{2). 495(1988)) and PPA 
10 (20 mL) was heated at 100°C for 3 h. After cooling, the reaction was 
poured into ice water and the yellow solid collected by filtration and 
added to IN NaOH (50 mL). After stirring under ambient condittons 
for 18 h, the reaction was acidified with 12N HCl to provide ^hl as a 
yellow solid. 
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IH NMR (400 MHz, d6-DMS0) 5 8.54 (m, IH), 8.25 (m, IH), 8.10 (d, 
J=8Hz. 2H). 8.02 (d. J=16Hz, IH), 7.93 (d, J=8Hz. 2H), 7.46-7.54 (m, 
2H). 




HNSpaPh 
OtBu 



4.[2.(lH-lmidazo[4,5-b]pyridm-2-yl)ethenyl]benzoyl-2(S)-phenyl- 

ciilfnnvlamipn-p-alanine t-hnfy) p.ster (31-4) 

A DMF solution (10 mL) containing ILl (301 mg, 1.0 

10 mmol) 2=1 (336 mg. 1 .0 mmol), HOBT (206 mg, 1 .35 mmol), EDC 
(258 mg, 1.35 mmol) and NMM (440 ^il, 4.0 mmol) was stirred under 
ambiem conditions for 18 h. The DMF was evaporated and the residue 
partitioned between CH2C12 and H2O. The organic layer was dned 
(MgS04) and concentrated to a yellow gum which was punfied by flash 

15 chromatography (silica. 4:1, CHC13-NH3/IPA) to provide impure 2hi 
which was rechromatographed (silica, 9:1 EtOAc/IPA) to give 1L4 as a 
colorless foam. 

Rf 0.33 (silica, 9:1 EtOAc/IPA). 

IH NMR (400 MHz, CD3OD) 5 8.33 (dd, J=5, IHz, IH), 7.95 (dd, J=8, 
20 . IHz, IH), 7.81-7.84 (m, 4H), 7.70-7.78 (m, 3H). 7.44-7.52 (m. 3H). 
7.25-7.30 (m, 2H), 4.15 (dd, J=8, 6Hz, IH), 3.69 (dd, J=14, 6Hz, IH), 
3.51 (dd, J=8Hz, 14Hz, IH), 1.12 (s, 9H). 
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4-[2-(lH-Imidazo[4,5-b]pyridin-2-yl)ethenyl]benzoyl-2(S)-phenyl- 
piilfnpYl3niinoJ^al«r,m^^^^^ HiL) of ILi (220 mg. 0.4 mmol) 
and TFA (5 mL) was stirred under ambient conditions for 5 h and 
concentrated. Flash chromatography (silica 9:0.5:0.5, 
EtOH/H20/NH40H) gave 3M as a solid. 

iH NMR (400 MHz, CD30D/NaOD) 5 8.08 (m, IH), 7.81-7.87 (m, 
5H), 7.68-7.75 (m, 3H), 7.33-7.37 (m, 4H), 6.98 (m, IH), 3.65-3.72 (m, 
2H), 3.32 (m, IH). 




31-6 



HNSOgPh 



15 



20 



25 



4-[2-(lH-Imidazo[4,5-b]pyridin-2-yl)ethyl]benzoyl-2(S)-phenyl- 

RiilfnTivlamip »-{^-al»*Tiine (3\-6) . — 

A mixture of 31:5 (90 mg. 0.18 mmol). 10% Pd/C (50 
mg), IN NaOH (2 mL) and CH3OH (20 mL) was hydrogenated at 1 atm 
for 18 h. After filtration and concentration the residue was neutralized 
with 10% HCl and the solid chromatographed (silica. 19:1 
EtOH/NH40H) to provide 31:6 as a fluffy solid after tnmration with 

aqueous TFA. 

Rf 0.48 (19:1 EtOH/NH40H). 

IH NMR (400 MHz, CD3OD) 5 8.29 (dd, J=5. IHz, IH), 7.91 (dd, J=8, 
IHz. IH), 7.82 (m, 2H), 7.67 (d, J=8H, 2H), 7.38-7.48 (m, 3H) 7.30 (d. 
J=8. IHz. 2H). 7.25 (m, IH), 3.87 (m, IH), 3.65 (m, IH), 3.53 (m, IH), 
3.26 (m, 2H). 
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pthvl 4-r2-fl.8-NaDhthvridm-7-vl Vthp.Tivlbenzoate (32-3) 

An ethanol solution (10 mL) of (260 mg, 2.1 mmol) 
5 (Syn. Comm. 17(141, 1695(1987). 32i2 (435 mg, 2.1 mmol) (Tet. Lett. 

34(41 653(1993) and 20% KOH (100 ml) was refluxed for 6 hours. 

The reaction was concentrated to dryness and the residue partitioned 

between EtOAc and H2O. The organic layer was washed with brine and 

dried (MgS04). Filtration and evaporation provided a yellow solid 
10 which was purified by flash chromatography (silica, 4:1 EtOAc/hexane) 

to give 32-3 as a cream colored solid. 

Rf0.21 (sihca, 3/1 EtOAc/hexane). 

iH NMR (300 MHz, CDCI3) 5 9.12 (dd, J=4, 2H2, IH), 8.15-8.21 (m, 
2H), 8.02-8.1 1 (m, 3H), 7.66-7.72 (m, 3H), 7.48 (d, J=16Hz, IH), 7.45 
15 (dd, J=8, 4Hz, IH), 4.39 (q, J=7Hz, 2H). 1.41 (t, J=7Hz, 3H). 




4-r2-fl.8-Naphthvridin-7-vnethenvlb pnrnip. acid (32-4) 

A methanol solution (100 mL) of 22^ (420 mg, 1 .38 
20 mmol) and IN NaOH (13.8 mL, 13.8 mmol) was stirred at ambient 
conditions for 18 hrs and at reflux for 2 hrs. The reaction was 
concentrated to dryness and the residue dissolved in H2O and the 
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solution acidified with IM NaHS04 solution to give 22:4 as a pale 
yellow solid after filtration. 

iH NMR (300 MHz, CD3OD) 5 9.05 (m, IH), 8.43 (d, J=8H2, 2H). 
8.04-8.10 (m. 2H). 7.96-8.01 (m, 2H), 7,83 (d, J=8H2, 2H), 7.61 (m, 



5 2H). 




HNS02Ph 
N^^^^OtBu 



H 



4-[2-(l,8-Naphthyidin-7-yl)ethenyl)benzoyl-2(S)-phenylsulfonylamino- 

ft-alanine t- ^^ntylp-ster (32-5V . . — - — 

10 To a stirred solution of 2M (396 mg, 1 .38 mmol), 2zL 

(556 mg, 1.65 mmol), NMM (728 \il 6.62 mmol). and DMF (10 mL) 
was added BOP (732 mg, 1 .65 mmol). After 1 8 h the reaction was 
concentrated to dryness and the residue partitioned between EtOAc and 
H2O. The organic layer was washed with sat. NaHC03 solution, bnne, 
15 dried (MgS04) and concentrated. Flash chromatography (silica, 3:2 
CH2Cl2/acetone) gave 22::5 as a yellow foam. 
Rf 0.34 (silica, 3:2 CH2Cl2/acetone). 

IH NMR (300 MHz, CD3OD) 5 9.05 (m, IH), 8.41 (d, J=8Hz, 2H), 
7.95-8.03 (m, 2H), 7.78-7.88 (m, 6H), 7.47-7.62 (m, 5H), 4.16 (m, IH), 
20 .. 3.71 (m, IH), 3.54 (m, IH), 1.21 (s, 9H). 
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10 



15 



20.. 



4-[2-(l ,2,3,4-Tetrahydro-l ,8-naphthyridin-7-yl)ethyl]benzoyl-2(S)- 
gllenxlSld^QnylMaiIlfil0I2l^ ; 

A mixture of 22i5 (670 mg. 1.2 mmol), 10% Pd/C (335 
mg) and etfaanol (50 mL) was stirred under a hydrogen atmosphere (1 
atm) for 18 h. Filtration followed by concentration gave a yellow 
foam. Flash chromatography (silica, 97:3 CH2CI2/CH3OH gave 22z6 as 
a colorless foam. 

Rf 0.26 (silica, 97:3 CH2CI2/CH3OH). 

iH NMR (300 MHz, CD3OD) 5 7.82 (d, J=7Hz. 2H), 7.65 (d, J=8Hz, 
2H), 7.42-7.54 (m, 3H), 7.25 (d, J=8Hz, 2H), 7.08 (d, J=7Hz, IH), 6.29 
(d, J=7Hz, IH), 4.12 (dd, J=8, 6Hz, IH). 3.66 (dd, J=12, 6Hz, IH), 3.50 
(dd, J=12, 8Hz, IH), 3.37 (t, J=:6Hz, 2H), 2.97 (t, J=6Hz, 2H), 2.81 (t, 
J=6H2, 2H), 2.68 (t, J=6H2, 2H), 1.86 (m, 2H), 1.23 (s, 9H). 



4-[2-( 1 ,2,3 ,4-Tetrahydro- 1 ,8-naphthyridin-7-yl)ethyl]benzoyl-2(S)- 

phenvlsulfonvlamino-P-alanine (32-7) ^ . 

A solution of 22::^ (221 mg, 0.39 mmol), TFA (5 mL) and 
CH2CI2 (50 mL) was stirred under ambient conditions for 18 h. The 
reaction was concentrated and the solid residue purified by flash 
chromatography (silica, 19:1 EtOH/NH40H) to give 32-7 as a pale 
yellow soHd. 

Rf 0.63 (sihca, 19:1 EtOH/NH40H). 

iH NMR (300 MHz, CD3OD) 5 7.82 (d. J=7Hz, 2H), 7.69 (d, J=8Hz, 
2H), 7.28-7.34 (m, 3H), 7.25 (d, J=8Hz, 2H), 7.08 (d, J=7Hz, IH), 6.29 
(d, J=7Hz, IH), 3.78 (m, IH), 3.58-3.70 (m, 2H), 3.38 (t, J=6Hz, 2H), 
2.97 (t, J=6Hz, 2H), 2.81 (t, J=6Hz, 2H), 2.68 (t, J=6Hz, 2H), 1.86 (m, 
2H). 
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32:2 0 0 



4-[2-(l,8-Naphthyridin-7-yl)ethenyl]benzoyl-2(S)-phenylsulfonyl- 

amino-B-alanine ethv l ester (33-2) 

Following the procedure for coupling 32-4 to 2ii. 22=4 
5 (2.2 g, 7.96 mmol) was coupled to 2^ (4.24 g, 9.55 mmol). Flash 
chromatography (silica, 3:2 Acetone/CH2Cl2) gave 212 as a pale 
yellow foam. 

Rf 0.31 (silica, 1:1 acetone/ai2Cl2). 

iH NMR (300 MHz, CD3OD) 5 9.05 (m, IH), 8.41 (d, J=8Hz, 2H), 
10 7.95-8.04 (m, 2H), 7.77-7.86 (m, 6H), 7.55-7.64 (m. 5H), 4.24 (m, IH), 
3.91 (q, J=7Hz, 2H). 3.70 (m, 2H), 3.57 (m, 2H), 1.06 (t, J=7Hz, 3H). 




22:3. 00 



4-[2-(l ,2,3,4-Tetrahydro-l ,8-naphthyridin-7-yl)ethyl]benzoyl- 

15 ;2f S^phenvlsnlfnnvlamin n-P-alaninp ^^hv\ ester (33-3) . 

A mixture of 22i2 (1-3 g, 2.45 mmol), 10% Pd/C (650 mg) 
and ethanol (100 ml) was stirred under a hydrogen atmosphere (1 atm) 
for 18 hr. Filtration followed by concentration gave a yellow foam 
which was purified by flash chromatography (silica, 49:1 
20 EtOAc/EtOH»NH3) to provide as a pale yellow solid. 
Rf 0.42 (silica, 49: 1 EtOAc/NH3 saturated EtOH«NH3). 
iH NMR (300 MHz, CD3OD) 6 7.81 (d, J=7Hz, 2H), 7.64 (d, J=8Hz, 
2H), 7.40-7.56 (m, 3H), 7.25 (d, J=8Hz, 2H), 7.14 (d, J=7Hz. IH), 6.33 
(d, J=7Hz, IH). 4.19 (t, J=6Hz, IH), 3.89 (q, J=7Hz, 2H), 3.63 (m, IH), 
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3.53 (m, IH), 3.39 (t. J=6Hz, 2H), 2.99 (t, J=BHz) 2^83 (t, J=8Hz, 2H), 
2.69 (t, J=6Hz, 2H), 1.87 (m. 2H), 1.04 (t, J=7Hz, 3H). 

srHENffi 34 



NHCBZ 



COgH SOCI2 



EtOH 



/> ^COzEt 

" NHCBZ 



?4-2 

I 

BOCgO. NEta, CH3CN 



COg Et io%Pcl/C 
EtOAc 
H2 



BOCN-^ 

" " NHCBZ 



?4-3 



10(+) camphorsulfonyl chloride 
NMM. CH2CI2 



BOCN-^ 

" NHSO2 



/>^C02Et 

HCI-HgN 

NHSO2 



34-5 





2i£ 



CO2H 



BOP, NMM 
CH3CN 
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Rthvl 2fSVN^-r!h7-2.3-diaminoproDio natp hydrochloride (34-2) 

34.1 (5 g, 21 mmol) was dissolved in 1(K) mL EtOH and 
cooled to 0°C. SOC12 (9.2 mL, 126 mmol) was added followed by 
10 removal of the cooling bath. After 6 hours, the reaction was. 
concentrated to provide 34-2 as a white solid. 
IH NMR (300 MHz, CD3OD) 5 7.35 (m, 5H), 5.14 (s, 2H), 4.44 (m, 
IH), 4.22 (q, J=7Hz, 2H), 3.43 (m, IH), 3.20 (m, IH), 1.25 (t, J=7Hz, 
3H). 



wo 95/32710 



PCTAJS95/05938 



- 168- 

BOCN^ 
" NHCBZ 

Fthyl 9 (SVNrv-Cbz-Np-Rnc-2.3-dia Tninn propionate (34-3) 

34-2 (2 g, 6.6 mmol) was dissolved in 60 mL CH3CN. 
NEt3 (1 mL, 7.2 nimol) was added followed by BOC2O (1.58 g, 7.3 
5 mmol). After two hours, the reaction was concentrated, diluted with 
EtOAc, washed with sat. NaHC03, 10% KHSO4 and brine, dned 
(MgS04), filtered and concentrated to provide 34;3 as a clear oil. 
TLC Rf 0.87 (siHca, 80% EtOAc/hex). 

IH NMR (300 MHz, CDCI3) 5 7.35 (s, 5H), 5.75 (bs, IH), 5.12 (s, 2H), 
10 4.81 (bs, IH), 4.39 (m, IH), 4.19 (m, 2H), 3.56 (m, 2H), 1.42 (s. 9H), 
1.29(q,J=7Hz,3H). 

bocnC^ 

^ " NH2 
34-4 

f fhvl 2(SVNp-T^nc.2.3-d ianiinoproDionate (34-4) 
15 (2.4 g. 6.6 mmol) with 10% Pd/C (240 mg) in EtOAc 

(35 mL) was stirred under a H2 atmosphere for 20 hours. The reaction 
was filtered through a celite pad and concentrated to provide as a 
clear oil. 

TLC Rf 0.13 (silica, 80% EtOAc/hex). 
20 IH NMR (300 MHz, CDCI3) 5 5.00 (bs, IH), 4.19 (m, 2H), 3.55 (m. 
2H), 3.25 (m, IH), 1.44 (s. 9H), 1.29 (q, J=7Hz, 3H). 
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^ " NHS02 



34-5 




Ethyl-2(S)-Na-( 1 (S) 1 0-camphorsulfonylamino-Np-Boc-2,3-diamino- 

prnpinnate f34-5'> ^ , ^ . — T 

Amine M:4 (760 mg, 3.27 mmol) was dissolved m 35 mL 
5 CH2CI2 and cooled to O^C. NMM (755 ^iL, 6.87 mmol) and 10(+) 
camphorsulfonyl chloride (1.23 g. 4.9 mmol) were added. After 
stirring at OX for one hour, the reaction was concentrated, then diluted 
with EtOAc, washed with H2O, sat. NaHC03. 10% KHSO4 and brine, 
dried (MgS04), and concentrated to an oil. Flash chromatography 
1 0 (silica, 25-40% EtOAd/hexanes) provided as a clear oil. 
TLC Rf 0.66 (silica, 50% EtOAc/hexanes). 

IH-NMR (300 MHz, CDCI3) 5 6.37 (d, J=8Hz, IH), 4.99 (bt, IH), 4.32 
(m IH), 4.23 (q, J=8Hz, 2H), 3.56 (m, 3H), 3.0 (d, J=15 Hz, IH), 2.4 
(m! IH), 2.05 (m, 4H), 1.43 (s, 9H). 1.30 (t, J=7 Hz, 3H), 1.00 (s, 3H), 
15 0.91 (s, 3H). 



.COgEt 



NHSO2 



34-6 




Ethyl-2(S)-Na-(1 (S) 1 0-camphorsulfonylamino)-2,3-diaminopro- 
pinnate hy Hrnrhloride (34-6') 



20 Ester Mil (900 mg, 2.18 mmol) was dissolved in 15 mL 

EtOAc and cooled to O^C. HCl (g) was bubbled through the reaction 
mixture for 15 minutes. The reaction was removed from the cooling 
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bath and purged with Ar (g) for 20 minutes followed by concentration 

to provide ?4-6 as a foamly solid. 

TLC Rf 0.05 (silica. 20% MeOH/EtOAc). 

IH-NMR (300 MHz, CDCI3): 5 4.75 (m. IH), 4.26 (q, ^'^Hz ^H) 3^50 
(m, 4H), 2.40 (m, 3H), 1.98 (m. 4H), 1.30 (t. J=7Hz, 3H). 1.04 (s, 3H), 
0.91 (s, 3H). 




COgEt 



34-8 li NHSO2 

O 




4.[2.(1 ,23,4.Tetrahydro.l ,8.naphthyridin-7-yl)ethyl]benzoyl- 

10 o(c )p(^Mn.r..mph orsiilfonvlRn iinPl P pl-^^iine ethyl e^ter (34-S } 

Mil (Scheme 37) (200 mg, 0.627 mmol), amine 24:6 (240 

me 0 69 mmol), NMM (345 ^L, 3.13 mmol) and BOP reagent (332 
mg, 0.75 mmol) were combined in 5 mL CH3CN. After snmng 
ovemight, the reaction was concentrated, ^hen^^^;!^.^* ^I^^^^^^ 
15 washed with H2O, sat. NaHC03 and bnne, dned (MgS04), filtered and 
■ concentrated. Flash chromatography (silica, EtOAc) provided MzS as 

an off-white foamy solid. 
TLC Rf 0.13 (silica, EtOAc). 

IH NMR (300 MHz, CDCI3) 5 7.70 (d, J=8Hz, 2H), 7.25 (d J=8Hz 
90 7 03 (d J=7Hz, IH), 6.72 (t, J=5Hz, IH), 6.5 (bm, IH), 6.28 (d, 

]^lXll9 (s: IH), 4.42 (bs, IH). 4.25 (q ^^l^-f^^^^ 
IH), 3.85 (m, IH), 3.55 (d, J=15Hz, IH), 3.41 (m, 2H), 3.CK) (m, 3H , 
2 82 (t J=4Hz, 2H), 2.69 (t, J=6Hz, 2H), 2.04 (m, 8H), 1.58 (bs, 3H), 
1.31 (t, J=7Hz, 3H), 1.00 (s, 3H), 0.90 (s, 3H). 



25 
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NHSO2 



4-[2-(l ,2,3.4-Tetrahydro-l ,8-naphthyridin-7-yI)ethyl]benzoyl- 
7(S^-n(SMn-ramphorsii 1fnnvlamino1 p-alanine (34-9) 



34-R (250 mg, 0.409 mmol) was dissolved in 4 mL EtOH, 
5 1 M NaOH (1 .02 mL, 1 .02 mmol) was added and the reaction mixture 
was stirred for two hours. The reaction mixture was neutralized with 
IN HCl and then concentrated to a foamy solid. Flash chromatography 
(silica, 18:10:1:1 EtOAc/EtOH/NH40H/H20) provided 24:5 as a 

slightly yellow solid. 

10 TLC Rf 0.49 (silica, 12:10:1:1 EtOAc/EtOH/NH40H/H20). 

IH NMR (400 MHz, DMSO) 5 8.48 (bt, IH), 7.72 (d, J=8Hz, 2H), 7.55 
(bs, IH), 7.28 (d, J=8Hz. 2H), 7.02 (d, J=7Hz, IH), 6.37 (s, IH), 6.26 
(d, J=7Hz, IH), 4.13 (s, IH), 3.54 (m. 3H), 3.37 (m, 2H), 2.94 (m. 3H), 
2.73 (t, J=7Hz, 2H), 2.6 (t, J=6Hz, 2H), 2.3 (m, 3H), 2.02 (m, IH), 1.89 

15 (m, 2H), 1.75 (m, 2H), 1.49 (m, IH), 1.37 (m, IH), 1.05 (m, IH), 0.95 
(s, 3H), 0.66 (s, 3H). 
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Sr!HHME35 



TMS— 



29>1 



NaOH 
CH3OH 



NHSOgPh 



2>1b 



p-TsOH, EtOH, A 



,C02Et 



H-^-/~Vc02H + TSOH.H2N 

\=/ HNSOgPh 

35-1 35:2 



EDC, HOBT. DMF 



H- 



HNS02Ph 



25:2. 




Cul. (Ph3P)2PclCl2 
NEt3. MeCN, lOO^C 



H2N N Br 




^ ^HNS02Ph 
•^•-^COgEt 



6N HCI. Dioxane, 

eo'C 
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SCHEME 35 (CONTD^ 




Hg. 10%Pd/C.0.1 N NaOH 




35-1 



5 4-Ethvnvlbe T?ynic acid (35-11 

A solution of ethyl ester 2M (9.06 g, 36.8 mmol) and 
aqueous IN NaOH solution (92 mL, 92 mmol) in MeOH (300 mL) was 
stirred overnight. The mixtore was concentrated. The residue was 
dissolved in water then acidified with 6N HCl before extracting twice 

10 with EtOAc. The organic layers were combined and washed with 5% 
KHS04 solution and brine, then dried (MgS04) and concentrated to 
give ill as a brown solid. 
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TLC Rf 0.38 (silica. 10% iPrOH/EtOAc). 

IH NMR (300 MHz, d6-DMS0) 5 7.93 (d. J=9Hz. 2H). 7.60 (d, J=9Hz, 
2H), 4.46 (s, IH). 



10 



15 



20 



TsOH'HgN 

HNS02Ph 

35-2 

r.yipnvkiilfnnvlapiinn-|^-fllanine r-tnln^npsiilfonate 
Acid Zzlh (13.20 g, 54.1 iranol) was suspended in 500 mL 
EtOH p.TsOH-H20 (1 1.3 g, 59 mmol) was added and the mixtore was 
heated at reflux overnight. After distilling off the solvent, fresh EtOH 
was added and distilled off, then more EtOH was added and the mixture 
was distilled to 100 mL at which point 800 mL ether was added. After 
cooling to 4«, solvent was decanted from the gum which was rmsed with 
additional ether, and dried, providing 25,1 as a hygroscopic glass. 
Additional 25zZ was recovered from the solvent phase by concentration 
and triturating with ether (2x). 

IH NMR (400 MHz, D2O) 6 7.91 (d, J=8Hz, 2H), 7.75 (t. J=:8Hz, IH), 
7.70 (d, J.8HZ, 2H), 7.65 (t, J=8Hz, 2H). 7.37 (d, J=8Hz, 2H), 4.42 (dd, 
J=10, 4Hz. IH), 3.86 (t, J=7Hz, 2H), 3.50 (dd, J=13,5Hz, IH), 3.20 (dd. 
J=13, lOHz, Ih), 2.40 (s, 3H), 0.99 (t, J=7Hz, 3H). 



25 



HNSOgPh 



35-3 



4.Ethynylbenzoyl-2(S)-phenylsulfonylamino-p-alanine ethyl ester 

4.Ethynylbenzoic acid OHl (3.10 g, 21.2 mmol). ^ 
(8.58 g, 19.3 mmol), NMM (8.49 mL. 7.72 mmol), HOBT (339 g^5.1 
mmol), and EDC (4.81 g. 25.1 mmol) were combmed m 96 mL DMF 
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and stirred overnight. The reaction was concentrated, residue was 
diluted with EtOAc and washed with water (2x) and brine, dried 
(Na2S04), filtered, and concentrated. Flash chromatography (silica, 
45-50% EtOAc/Hexane) gave as a white solid. 
5 TLC Rf 0.27 (silica, 45% EtOAc/Hexane). 

iH-NMR (300 MHz, d6-DMSO) 5 8.63 (t, J=6Hz, IH), 8.47 (br s. IH), 
7.75 (m, 4H). 7.52 (m, 5H), 4.39 (s, IH). 4.1 1 (t, J=7Hz, IH), 3.78 (q. 
J=7Hz, 2H), 3.44 (m, 3H), 0.94 (t, J=7Hz, 3H). 



10 




4-[(3-Aminoisoquinolin-l-yl)ethynyl]benzoyl-2(S)-phenylsulfonyl- 

amino-B-ala nine ethvl ester (35-4^ _ . 

Ethyl ester 2H (0.50 g, 1.25 mmol), 3-amino-l- 
bromoisoquinoline (0.279 g, 1.25 mmol). triethylamine (0.697 mL, 
15 5.00 mmol). Cul (10 mg. 0.053 mmol). and (Ph3P)2PdCl2 (20 mg. 
0.028 mmol) were combined in 5 mL acetonitrile in a sealed pressure 
tube under Ar and heated to 100°C overnight. The dark solution was 
cooled and diluted with EtOAc. then washed with water (2x) and brine, 
dried (MgS04), filtered, and concentrated. Flash chromatography 
20 (silica, 75 % EtOAc/Hexane) gave 2M as a greenish foam. 
TLC Rf 0.21 (silica, 75% EtOAc/Hexane). 
IH NMR (400 MHz, CDCI3) 5 8.29 (d, J=8Hz, IH), 7.88 (d, J=9Hz, 
2H), 7.82 (d, J=8Hz, 2H), 7.77 (d, J=8Hz, 2H), 7.55 (m, 5H), 7.35 (tm. 
J=7Hz, IH), 7.27 (s, IH), 6.80 (s, 2H), 5.80 (br s, IH), 4.56 (s. 2H). 
25 4.1 1 (m, 3H), 3.97 (m. IH), 3.68 (m. IH), 1.17 (t, J=7Hz, 3H). 
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4-l(3-Aminoisoqumolin-l-yl)ethynyl]benzoyl-2(S)-phenylsulfonyl- 

flmino-P-alanine triflu "rr>ar.etate (3,5-5) . 

A solution of ester 3M (0.46 g, 0.85 mmol) in dioxane (4 
5 mL) and 6N HCl (8.5 mL) was heated to 60*0 overnight. 

Concentration yielded an orange soUd. Prep. HPLC (ClR. 0.1% TFA 
H2O/CH3CN) followed by lyophilization gave trifluoroacetate 25;las 

an orange solid. 

TLCRf 0.25 (silica. 33:20:1:1 EtOAc:EtOH:NH40H:H20). 
10 IH NMR (400 MHz. CD3OD) 5 8.27 (dm. J=9Hz. IH), 7.87 (m, 6H), 
7.68 (m. 2H), 7.50 (m, 4H), 7.15 (s, IH), 4.24 (dd, J=9, 5Hz, IH), 3.75 
(m, IH). 3.51 (m. IH). 




35-6 

15 4-[2-(3-Aminoisoquinolin-l-yl)ethyl]benzoyl-2(S).phenylsulfonyl- 

aniinn-B-alg niTip trifluprnapptatp. f35-6> - 

A mixture of acetylene (0.085 g, 0.13 mmol) and 10% 
• palladium on carbon (40 mg) in aqueous 0.1 N NaOH was stirred under 
a hydrogen balloon ovemight. The suspension was filtered through 
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celite and concentrated to a dark oil. Prep. HPLC (Ci8. 0.1% TFA 
H2O/CH3CN) followed by lyophilization gave ^ as a fluffy, yellow 

solid. 

TLCRf 0.51 (silica, 22:1:1 iPrOH/NH40H/H20). 
5 IH NMR (400 MHz, d6-DMS0) 5 8.40 (t, J=6H2, IH), 8.22 (d, J=9Hz, 
IH). 8.14 (d. J=9Hz, IH). 7.75 (d. J=7H2, 2H), 7.68 (m, 3H). 7.60 (m. 
IH), 7.52 (m, IH), 7.45 (m, 2H), 7.38 (d, J=8Hz, 2H), 7.28 (t, J=7Hz, 
IH), 6.86 (br, s, IH), 4.04 (m, IH), 3.35 (m), 3.1 1 (t, J=8Hz, 2H). 
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SrHRMK ^6 (CONT'D^ 



O 




36-8 



W 95/32710 



PCT/US95/05938 



180- 




OCH3 



2£:1 

r...,...v ..^nzoir- ^HH tnethvl ^r^^^ trifliinraarctate (3^-1' 
A CH2CI2 solution (25 mL) of S::! (2.8 g, 8.97 mmol) and 
TFA (5 mL) was stirred under ambient conditions for 2 hr. The 
5 reaction was concentrated and the residue azeotroped with toluene to 
give a sticky solid which was trimrated with hexane/ether (1:1) to 
nrovide 36il as a solid. . t 00- 

IH NMR(W MHz, CD30D) 5 7.97 (d, J:=8Hz, 2H), 7.02 (d. J=8Hz, 
2H), 4.19 (t. J=7Hz, 2H), 3.86 (s, 3H), 3.16 (t, J=7Hz, 2H), 2.17 (m, 
10 2H). 



15 



20 




OCH; 



Pd/C. MeOH 
NH3, H2 



2^ 

4.[3.[3.(2-mtrophenyl)thioureido]propoxy]ben2oic acid methyl ester 

An ethanol solution (20 mL) of ^ (2.65 g. 8.19 mmol) 

36-2 (1 47 g, 8.19 mmol) (Lancaster), and EtsN (2.28 mL, 16.4 mmol) 
;^stirred under ambient conditions for 18 h. m reaction was 
concentrated and the residue purified by flash chromatography (sihca, 
19:1 CH2Cl2/acetone) to provide ^ as a yellow foam. 
Rf 0.23 (silica, 19:1 CH2Cl2/acetone). 

IH NMR (400 MHz, CDCI3) 5 8.14 (dd, J=8, 2Hz, IH). 7.96 d, J-8Hz. 
2H), 7.58 (m, IH), 7.23 (m, IH), 6.81-6.87 (m, 3H), 4.17 (t, J=7Hz, 
2H), 3.89 (m, 5H), 2.22 (m, 2H). 
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O 




36-4 

4.[3-[3-(2-aminophenyl)thioureido]propoxy]benzoic acid methyl ester 

n6.4> 

5 A methanol solution (150 mL) of (3.15 g, 8.08 mmol) 

was saturated with NH3. 10% Pd/C (2 g) was added and the mixture 

hydrogenated at 1 atm for 4 h. Filtration and concentration provided 

36-4 as a purple solid. 

Rf 0.18 (silica. 19:1 CH2Cl2/acetone). 
10 IH NMR (400 MHz, CDCI3) 5 7.92 (d, J=8H2, 2H), 7.17 (m, IH), 7.07 

(m. IH). 6.72-6.79 (m, 2H). 6.62 (d. J=8Hz, 2H). 4.05 (t. J=7Hz, 2H), 

3.83-3.89 (m. 5H), 2.1 1 (m, 2H). 



O 




H 

25:5 



15 4.[3-[N-(lH-Benzimidazol-2-yl)amino]propoxy]benzoic acid methyl 

pster (36-5^ ■ 

A mixture of (2.5 g. 7.0 mmol), HgO (3.0 g, 13.9 
mmol), sulfur (42 mg) and EtOH (50 mL) was refluxed for 2.5 h. 
Filtration and concentration gave a brown gum which was purified by 
20 flash chromatography (sihca, 9: 1 CH2CI2/CH3OH) to provide ^ as 
tan solid. 

Rf 0.29 (silica, 9:1 CH2CI2/CH3OH). 



wo 95/32710 



PCTAJS95/05938 



-182- 

IH NMR (400 MHz, CD3OD) 5 7.94 (d, J=9Hz, 2H). 7.18 (m, 2H). 7.00 
(d, J=9Hz, 2H), 6.96 (m, 2H), 4.19 (t. J=6Hz, 2H). 3.86 (s. 3H), 3.58 (t, 
J=6Hz,2H).2.16(m,2H). 




36-6 



10 



15 



20 



J-(lH.Rftn7imida7n1-2-vnamm n1prnpoxv1be.n7.oic acid (36-6) 

A methanol solution (50 mL) of 4^ (1.3 g, 4.0 mmol) and 
IN NaOH (20 mL, 20 mmol) was stirred at 50''C for 4 h. The reaction 
was concentrated and the residue acidified with IM NaHS04 solution to 
provide 4:6 as a beige colored solid. 

IH NMR (400 MHz, CD3OD) 5 7.91 (d, J=9Hz, 2H), 7.32 (m, 2H), 7.20 
(m, 2H), 6.95 (t, J=9Hz 2H), 4.21 (t. J=6Hz, 2H), 3.62 (t, J=6Hz, 2H), 
2.22 (m, 2H). 




N 



N 
I 

H 



O O 

HNSO2 



OtBu 
Ph 



2g£ 



4-[3.[N-(lH-Benzimidazol-2-yl)amino]propoxy]benzoyl-2(S)- 

phpnvkulfonyl?TniTin-fi-al aninp t-hntvl ester (36-7) . 

A DMF solution (10 mL) of ^ (311 mg, 1.0 mmol), 2A 
(370 mg, 1.1 mmol), HGBT (168 mg, 1.1 mmol), NMM (330 ^1, 3.0 
mmol) and EDC (21 1 mg, 1.1 mmol) was stirred under ambient 
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conditions for 18 h. Concentration and flash chromatography (silica, 
85: 15 EtOAc/CH30H) gave as a pale yellow foam. 
Rf 0.20 (silica, 85:15 EtOAc/CHsOH). 

iH NMR (400 MHz, CD3OD) 5 7.83 (d. J=8Hz, 2H), 7.73 (d, J=9Hz, 
5 2H), 7.46-7.54 (m, 3H), 7.26-7.30 (m, 2H), 7.10-7.13 (m, 2H), 6.98 (d. 
J=9H2, 2H), 4.20 (m, 2H). 3.63 (m, 3H). 3.44 (m. IH), 3.31 (m, IH). 
2.19 (m,2H), 1.23 (s,9H). 



O Q 




36-B 

10 

4-[3-[N-( 1 H-Benzimidazol-2-yl)amino]propoxy]benzoyl-2(S)- 

phenvlsulfonvlamin n-P-alanine f36-8) _ ■ 

A CH2CI2 solution (20 mL) of (580 mg, 0.97 mmol) 

and TFA (5 mL) was stirred under ambient conditions for 2 h and at 
15 SO^C for 2 h. Concentration and flash chromatography (silica, 9:0.5 :0.i 

•EtOH/H20/NH40H) gave 26i8 as a pale yellow solid. 

Rf 0.29 (silica 9.8:0:1:0.1 EtOH/H20/NH40H). 

IH NMR (400 MHz, CD3OD) 6 7.83 (m, 2H). 7.76 (d, J=9Hz, 2H), 

7.32-7.34 (m, 3H), 7.17-7.19 (m, 2H). 6.99 (d, J=9Hz, 2H), 6.85-6.88 
20 (m, 2H), 4.20 (t, J=6Hz, 2H), 3.58-3.65 (m, 4H). 3.36 (m, H), 2.16 (m, 

2H). 
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srHEME37 



OH , i-nQy-co^Et 



32:2 

Pd(0Ac)2. NEtg. CH3CN 
100*C 



2ZJ. 



COgEt 



20% KOH. EtOH 





COzEt 



10% Pd/C, EtOH, H2 
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SrHKME 7>1 (CONT'D) 




5 2L2 

Ethvl-4-(2-hiitanene)be nzoate (37-3) 

3-Buten-2-ol IZii (2.15 mL, 25 mmol), ethyl 4- 
iodobenzoate (37-2) (5.52 q. 20 mmol) and NEts (3.5 mL, 25 mmol) 
10 were combined in 6 mL of CH3CN under Ar in a pressure tube. 
Pd(0Ac)2 (19 mg, 0.08 mmol) was added and the reaction heated to 
100°C for 3 hours. The reaction was cooled, then diluted with Et20, 
washed with H20, 10% KHSO4, sat. NaHC03 and brine, dried 
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(MgS04) and concentrated to a yellow oil. Hash chromatography 
(silica, 10% EtOAc/hex) provided dUsl as a clear oil. 
TLC Rf 0.23 (silica, 30% EtOAc/hex). 

IH NMR (300 MHz, CDCI3): 5 7.95 (d, J=8Hz. 2H), 7.25 (d, J=8Hz, 
5 2H), 4.36 (q, J=7Hz, 2H), 2.95 (t, J=7Hz, 2H), 2.78 (t, J=7Hz, 2H), 2. 
(s,2H), 1.38(t,J=7Hz, 3H). 



00 



'COgEt 

2M 



10 f thvT 4-r2.(l ,R-naphthvrid in.7.vnethvl1hen7.oate (37-4) 

An ethanol solution of (70 mL) of (3.15 g, 14.3 
mmol), m (1 .75 g, 14.3 mmol) and 20% KOH (2 mL) was refluxed 
for 18 hours. The reaction was concentrated to dryness and the residue 
partitioned between EtOAc and H2O. The organic layer was washed 

1 5 with sat. NaHC03 and brine, dried (MgS04) and concentrated to give a 
yellow oil. Flash chromatography (silica, 60%-80% EtOAc/hex) 
provided 37-4 as a yellow soUd. 
TLC Rf 0.31 (siUca, 70% EtOAc/hex). 

iH NMR (300 MHz, CDCI3) 5 9.1 1 (m, IH), 8.18 (d, J=8Hz, IH), 8.08 
20 ■ (d, J=8Hz. IH), 7.95 (d, J=8Hz, 2H), 7,47 (m, IH), 7.30 (d, J=8Hz, 2H), 
4.35 (q, J=7Hz, 2H), 3.35 (m, 4H), 1 .38 (t, J-7Hz, 3H). 
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Ethyl 4-[2-(l ,2,3,4-tetrahydro-l ,8-naphthyriciin-7-yI)ethyl]benzoate 

(31-5) . ^ — ; 

5 A mixture of IM (645 mg, 2.1 1 mmol), 10% Pd/C (65 

mg), and ethanol (10 mL) was stirred under a hydrogen atmosphere for 
18 hr. Filtration through a celite pad followed by concentration 
provided by 37-5 as an off white solid. 
TLC Rf 0.75 (silica, 70% EtOAc/hex). 

10 IH NMR (300 MHz, CDCI3) 6 7.94 (d, J^SHz, 2H), 7.26 (d, J=8Hz, 
2H), 7.03 (d, J=7Hz, IH), 6.28 (d, J=7Hz, IH), 4.81 (s, IH), 4.35 (q, 
J=7Hz, 2H), 3.40 (m, 2H), 3.03 (m, 2H), 2.84 (m, 2H). 2.69 (t, J=6Hz, 
2H), 1 .93 (t, J=6Hz, 2H), 1 .38 (t, J=7Hz, 3H). 




4-[2-(l,2,3,4-Tetrahydro-l,8-naphthyridin-7-yl)ethyl]benzoic acid 

hydrochloride (34-7) . . 

Ester 21:1 (680 mg, 2.1 1 mmol) in 10 mL 6N HCI was 
20 heated to 50''C for 18 hours. Concentration provided Mil as a yellow 
solid. 
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iH NMR (300 MHz, CD3OD) 5 7.93 (d, J=8H2, 2H), 7.52 (d, J=8Hz, 
IH), 7.31 (d, J=8Hz, 2H), 6.54 (d, J=8Hz, IH). 3.48 (t, J=5Hz. 2H). 3.03 
(m, 4H), 2.79 (t, J=6Hz, 2H). 1.93 (t, J=6Hz, 2H). 

5 The test procedures employed to measure the bone 

resorption inhibiting activity of the compounds of the present invention 
are described below. 

BONE RESOPPTinN-PTT ASSAY 

1 0 When osteoclasts engage in bone resorption, they will 

literally cause the foimation of pits in the surface of bone that they are 
acting upon. Therefore, when testing compounds for their ability to 
inhibit osteoclasts, it is useful to measure the abihty of osteoclasts to 
excavate these resorption pits when the inhibiting compound is present 

1 5 Consecutive cross sections (4.4 x 4.4 x 0.2 mm) of bovine 

femur were cut from the diaphysis with a low-speed diamond saw 
(Isomet, Beuhler, Ltd., Lake Bluff, IL.) by the method of Amett and 
Dempter. Endocrinology, 120: 602-608. 

Prior to incubation with osteoclasts, slices were rehydrated 

20 in 0. 1 ml complete medium 1 99 in a 48-well plate (Costar, Cambridge. 
MA) overnight in the presence of twice the desired dose of compound 
being tested. 

Osteoclasts were isolated from the long bones of 1 to 3- 
day-old rats (Sprague-Dawley) by adaptations of methods used by 
25 Chambers, et a/.. J. Cell ScL, 66: 383-399. 

Femora, tibiae, and humeri were split and minced with 
scalpel blades into 2-5 ml Medium 199 (GIBCO, New York). The 
resulting suspension was gently pipetted (60 times with a wide-bore 
pipet and then aliquoted onto petri dished (Costar) or bone sUces (0.1 
30 ml per slice). Cells were allowed to settle for 30-40 minutes at 37''C. in 
moist C02-air before gently washing and reincubation in undiluted 
incubation medium. Osteoclast yields varied from 300 to 1400 per rat 
and typically comprised 1% or less of the total cell population. 
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Osteoclasts were counted at the day of isolation and after 1 
day of incubation by phase-constrast microscopy (Nikon Diaphot). 
Total attached cells were counted 50-70 h. after isolation with a Coulter 
counter (model ZM, Coulter Electronics, Inc., Hialeah, FL). Cell 
5 counts of controls varied from 3.352 x 10^ to 2.322 x 10^ per well. 
Counting mononuclear cells at the time of isolation was not practical 
because of matrix and cell debris that could not be completely 
eliminated. 

Bone slices exposed to osteoclasts for 20 h. after isolation 

10 were processed for staining by ultrasonication (twofold, 15 s, Branson) 
in 0.25M ammonium hydroxide before fixation (20 minutes) in 2.5% 
glutaraldehyde, O.IM cacodylate, pH 7.4 (EM Supplies, Fort 
Washington, PA). Samples were dehydrated in ethanol (40, 70, and 
100%; 5 minutes), air dried for 2 h., and then stained for 4 minutes 

15 with fihered 1 % toluidine blue and 1 % borax (Sigma, St. Louis, MO). 
Samples used to count osteoclasts were processed as earlier without 
ultrasonication in ammonium hydroxide. 

A fluorescence microscope (Microphot, Nikon) was 
adapted for reflected light microscopy by inserting a X/4 plate between 

20 cross polarizers in the epi mode. Fluorescence objectives of long 

working distance with adjustable correction collars (10 x, 20 x, Nikon) 
were fitted with rotable V4 plates (Polaroid Corp., Massachusetts) 
mounted as the front element. Correction collars were necessary 20x 
objectives and higher to correct for the presence of the "kJA plate and the 

25 absence of a coverslip. Coverslips were not used to eliminate stray 
reflections below the X/4 plate. Immersion oil (Nikon) was added 
between the objective front lens and "KJA to minimize reflections at this 
interface. Oil was not placed between objective and specimen. 

Bone slices were scanned for resorption pits by rotating the 

30 V4 plate 0''-45'' with respect to the plane of polarization in epi-tungsten 
illumination. Alternatively, Hg illumination (HBO lOOw, Nikon) was 
used with the XIA plate fixed at 45° while intermittently viewing stained 
images by transmission brightfield microscopy with an NCB 10 filter 
(Nikon). 
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Quantitation of rescrbed areas of bone slices examined by 
bright-field, RLM, and SEM was achieved through digital image 
processing (Magiscan 2A. Joyce Loebl, NY) of video images (Newvicon 
or SIT, Dage-MTI, Inc. Michigan City, IN) fed through a NTSC/PAL 
5 digital standards converter (CEL P156, James Grander and Assoc.. Inc., 

Mission, Kansas). 

Osteoclasts were processed for immunofluorescence by 

briefly rinsing coverslips in buffer S (60 mM Pipes, pH 6.9; 25 mM 

Hepes; 10 mM EGTA; and 2 mM MgCl2) at 3,TC. and then fixing for 2 
10 minutes in buffer S+10% formaldehyde, pH 7.0. Cells were 

pemieabilized in buffer S+0.5% Triton X-100 and then rinsed. 

Specimens were incubated (30 minutes) in appropriate antibody or 

rhodamine-phalloidine (Molecular Probes, Eugene, OR) followed by 

fluorescein goat antirabbit antibody (Cappel). 
1 5 The bone slice assay is used to examine the effect of the 

compound of interest on the activity of isolated osteoclasts from rat long 

bones. 

The number of resorption pits foraied by osteoclasts after 1 
day on consecutive cross sections of bovine femur was first compared to 
20 control samples by the method of Amett and Dempster, Endocrinology 
120:602-608, and then plotted as a function of concentration of the 

compound of interest 

The appropriateness of extrapolating data from this assay to 

utility and use in mammalian (including himan) disease states is 
25 supported by the teaching found in Sato, M., et aL, Journal cfBone and 
Mineral Research, Vol. 5, No. 1 , 1 990. That article teaches that certain 
bisphosphonates have been used clinically and appear to be effective in 
the treatment of Paget's disease, hypercalcemia of malignancy, 
osteolytic lesions produced by bone metastases, and bone loss due to 
30 immobilization or sex horanone deficiency. These same bisphosphonates 
are then tested in the resorption pit assay described above to confirai a 
correlation between their known utility and positive performance in the 
assay. 
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m ASgAY ^ 

Duong et aL, J. Bone Miner. Res.. 8:S 378, descnbe a 
system for expressing the human integrin avP3. It has been suggested 
that the integrin is involved in the attachment of osteoclasts to bone 
5 matrix, since antibodies against the integrin, or RGD-containing 
molecules, such as echistatin (European Publication 382 451), can 
effectively block bone resorption. 

Reaction Mixture: 
10 1 . 175 ^1 TBS buffer (50 mM Tris-HCl pH 7.2, 150 mM 

NaCl, 1% BSA, 1 mM CaCl2, 1 mM MgCl2). 

2. 25 \i\ cell extract (dilute with 100 mM octylglucoside 
buffer to give 2000 cpm/25 M-l). 

3. 1 25i^chistatin (25 ^1/50,000 cpm) (see EP 382 451 ). 

15 4. 25 \L\ buffer (total binding) or unlabeled echistatin (non- 

specific binding). 

The reaction mixtore was then incubated for 1 h at room 
temp. The unbound and the bound avP3 were separated by filtration 
20 using a Skatron Cell Harvester. The filters (prewet in 1.5% poly- 

ethyleneimine for 1 0 mins) were then washed with the wash buffer (50 
mM Tris HCl, ImM CaCl2/MgCl2. pH 7.2). The filter was then 
counted in a gamma counter. 

25 orFORM ASSAY 

Osteoblast-like cells (1 .8 cells), originally denved from 
mouse calvaria, are plated in CORNING 24 well tissue culmre plates in 
a MEM medium containing ribo- and deoxyribonucleosides, 10% fetal 
bovine semm and penicillin-streptomycin. Cells are seeded at 

30 40,000/well in the morning. In the afternoon, bone marrow cells are 
prepared fi-om six week old male Balb/C mice as follows: 

Mice are sacrificed, tibiae removed and placed in the above 
medium. The ends are cut off and the marrow is flushed out of the 
cavity into a tube with a 1 mL syringe with a 27.5 guage needle. The 
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marrow is suspended by pipetting up and down with a glass pasteur 
pipet. The suspension is passed through two layers of approxunately 
400 urn mesh stainless steel cloth. The resulting suspension is 
centrifiiged at 350 x g for seven minutes. The pellet is resuspended, and 
5 a sample is diluted in 2% acetic acid to lyse the red cells. The 

remaining cells are counted in a hemacytometer. The cells are pelleted 
and resuspended at 1 x 106 cells/mL. 50 \iL is added to each well of 1.8 
cells to yield 50.000 cells/well and 1 ,25-dihydroxy-vitanun D3(D3) is 
added to each well to a final concentration of 10 nM. The culmres are 
10 incubated at STC in a humidified, 5% C02 atmosphere. After 48 h, the 
medium is changed. 72 h after the addition of bone marrow, test 
compounds are added with fresh medium containing D3 to tnphcate 
wells Compounds are added again after 48 h with fresh medium 
containing D3. After an additional 24 h the medium is removed, cells 
15 are fixed with 10% foraialdehyde in phosphate buffered saline for 10 
minutes at room temperature, followed by a 1-2 minute treatmem with 
ethanoliacetone (1:1) and air dried. The cells are then stamed for 
tartrate resistant acid phosphatase as follows: 

The cells are stained for 10-15 minutes at room 
20 temperature with 50 mM acetate buffer, pH 5.0 containing 30 mM 
sodium tartrate, 0.3 mg/mL Fast Red Violet LB Salt and 0.1 mg/mL 
Naphthol AS -MX phosphate. After staining, the plates are washed 
extensively with dionized water and air dried. The number of 
multinucleated, positively staining cells are counted in each well. 
25 The compounds of the invention have values in the range 

0 5-500 nM in EIB and 1-1000 nM in OCFORM. 

While the invention has been described and illustrated m 
reference to certain preferred embodiments thereof, those skilled in the 
art will appreciate that various changes, modifications and substitutions 
30 can be made therein without departing from the spirit and scope of the 
invention. For example, effective dosages other than the preferred 
doses as set forth hereinabove may be applicable as a consequence of 
variations in the responsiveness of the mammal being treated for 
severity of bone disorders caused by resorption, or for other mdications 
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for the compounds of the invention indicated above. Likewise, the 
specific phaimacological responses observed may vary according to and 
depending upon the particular active compound selected or whether 
there are present pharmaceutical carriers, as well as the type of 

5 formulation and mode of administration employed, and such expected 
variations or differences in the results are contemplated in accordance 
with the objects and practices of the present invention. It is intended, 
therefore, that the invention be limited only by the scope of the claims 
which follow and that such claims be inteipreted as broadly as is 

10 reasonable. 
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WHAT IS CLAIMED IS: 



1 . A method of inhibiting the bone resoiption activity 
of mammalian osteoclast cells comprising the step of administering a 
5 pharaiacologically effective amount of a compound of the formula: 

X-Y-Z-Aryl-A-B 



wherein: 



10 



Aryl is a 6-membered aromatic ring containing 0, 1, 2 or 3 N atoms 
and either unsubstituted or substituted with one or more groups chosen 
from R1 and r2; 

15 X is selected from 

NR2 NR2 NR2 
-NR^R2. .NR^-C-R^-C-NHR^ -NR^-C-NR^R*. 

NR^ NR^ 
-aryl-NR^R2, .aryl-C-NR^R^, -aryl-NR^-C.NR3R^ 
or a 4- to 10- membered mono- or polycyclic aromatic or 
nonaromatic ring system containing 0, 1, 2, 3 or 4 heteroatoms 
selected from N, O and S and either unsubstituted or substimted 
20 withRl3,Rl4,Rl5orRl6; 



Y is selected from the group consisting of 
Co-8 alkylene, 
C3-IO cycloalkyl, 

25 Co-8 alkylene-NK3cO-Co.8 alkylene, 

Co-8 alkylene-CONR3-CO-8 alkylene, 
Co-8 alkylene-O-CO-8 alkylene, 
Co-8 alkylene-NRl-CO-8 alkylene, 
Co-8 alkylene-S(O)0-2-C0-8 alkylene, 

30 Co-8 alkylene-SO2-NR3-C0-8 alkylene. 
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CO-8 alkylene-NR3-S02-Co.8 alkylene, 
CO-8 alkylene-CO-CO-g alkylene, 
(CH2)0-6 aiyl(CH2)0-6. 
(CH2)0-6 aryl-CO-(CH2)0-6, 
5 (CH2)0-6 aryl-CO-NR3-(CH2)0-6, 

(CH2)0-6 arylNR3cO(CH2)0-6 

OH 

I 

(CH2)o.8CH(CH2)o-8 . 



Z and A are each independently selected from the group consisting 



(CH2),. (CH2),0(CH2)„. (CH2),NR3{CH2)„.(CH2),NR^CNR2(CH2)„. 



(CH2)J(CH2)n. (CH2)mS02(CH2)n. (CH2)n,S(CH2)n. 
(CH2)mSO(CH2)n. (CH2)mS02NR3(CH2)n. 

(CH2).NR^S02(CH2)„. {CH2UCR3=CR^CH2k and 

(CH2)mC=C-(CH2)n, 

where m and n are integers independently chosen from 0-6; 



O 



(CH2),nCNR3(CH2)n. (CH2)n,NR3C(CH2)n. {CH2), 




B is selected from 
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R 1 , r2, r3 and r4 are each independently selected from the group 

consisting of 

hydrogen, 

halogen, 
5 Cl-lOalkyl, 

aryl CO-8 alkyl, 

amino CO-8 alkyl, 

Cl.3 acylamino CO-8 alkyl, 

Cl-6 alkylamino CO-8 alkyl, 
10 C 1 -6 dialkylamino CO-S alkyl, 

aryl CO-6 alkylamino CO-6 alkyl, 

CM alkoxyamino CO-8 alkyl, 

hydroxy €1-6 alkylamino CO-8 alkyl, 

Cl-4alkoxyC0-6 alkyl, 

15 carboxy CO-6 alkyl. 

Cm alkoxycarbonyl CO-6 alkyl, 
carboxy CO-6 alkyloxy, 
hydroxy Cl-6 alkylamino Co-6 alkyl, 
hydroxy CO-6 alkyl, 
NR"" 



NR2 

-NR^^NR^R* - 

20 

r6, r7, r8, r9, rIO, and R1 1 are each independently selected from 

hydrogen, 
fluorine, 
25 Cl.8 alkyl, 

hydroxyl, 

hydroxy Cl.6 alkyl, 
carboxy CO-6 alkyl, 
Cl.6 alkyloxy, 
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Cl-6 alkylcaibonyl, 

aryl CO-6 alkylcarbonyl, 

Cl.6 alkylcarbonyloxy, 

aryl CO-6 alkylcarbonyloxy, 
5 Cl-6 alkylaminocarbonyloxy , 

C3-8 cycloalkyl, 

aryl CO-6 alkyl, 

CO-6 alkylamino CO-6 alkyl, 

CO-6 dialkylamino CO-6 alkyl, 
10 C 1 -8 alky Isulf ony lamino CO-6 alkyl, 

aryl CO-6 alkylsulfonylamino CO-6 alkyl, 

Cl-R alkyloxycarbonylamino CO-8 alkyl, 

aryl CO-8 alkyloxycarbonylamino CO-8 alkyl, 

Cl-8 alkylcarbonylamino CO-6 alkyl, 
1 5 aryl CO-6 alkylcarbonylamino CO-6 alkyl, 

CO-8 alkylaminocarbonylamino Co.6 alkyl, 

aryl CO-8 alkylaminocarbonylamino CO-6 alkyl, 

CO-8 alkylaminosulfonylamino CO-6 alkyl, 

aryl CO-8 alkylaminosulfonylamino CO-6 alkyl, 
20 Cl.6 alkylsulfonyl CO-6 alkyl, 

aryl CO-6 alkylsulfonyl CO-6 alkyl, 

Cl-6 alkylcarbonyl CO-6 alkyl, 

aryl CO-6 alkylcarbonyl CO-6 alkyl, 

Cl.6 alkylthiocarbonylamino CO-6 alkyl, and 
25 aryl CO-6 alkylthiocarbonylamino CO-6 alkyl 

wherein the alkyl, aryl, or N atoms may be unsubstimted or 
substituted with one or more substituents selected from and 
R2; 

30 R 1 2 is selected from 
hydroxy, 
Cl.8 alkyloxy, 
aryl CO-6 alkyloxy, 
Cl-S alkylcarbonyloxy CM alkyloxy, 
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aryl Ci-S alkylcaitonyloxy CM alkyloxy, 
Cl.6 dialkylaminocarbonylmethyloxy, 
aryl C 1 -6 dialkylaminocarbonylmethyloxy or 
an L- or D-amino acid joined by an amide linkage and 
5 wherein the caiboxylic acid moiety of said amino acid 

is as the free acid or is esterified by €1-6 alkyl; and 

r13, r14, r15 and r16 are each independently selected from the group 

consisting of 
10 hydrogen, 
Ci-lO alkyl, 
aryl CO-8 alkyl, 

0X0, 

thio, 

15 amino CO-8 alkyl, 

C 1 -3 acylamino CO-8 alkyl, 

C 1 -6 alkylamino €0-8 alkyl, 

C 1 -6 dialky lamino CO-8 alkyl, 

aryl CO-6 alkylamino CO-6 alkyl, 
20 Cl.4 alkoxyamino CO-8 alkyl, 

hydroxy C l -6 alkylamino CO-8 alkyl, 

CMalkoxy CO-6 alkyl, 

carboxy CO-6 alkyl, 

Ci-4 alkoxycaibonyl CO-6 alkyl, 

25 carboxy CO-6 alkyloxy, 

hydroxy C 1-6 alkylamino CO-6 alkyl, 

hydroxy CO-6 alkyl, 
NR^ 

^NR2r3 



and 



NR2 



-nr^'^nr^r* 
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and the phannaceutically acceptable salts thereof . 

2. A method of claim 1 wherein the compound has the 

formula: 

X-Y-Z-Aryl-A-B 

wherein: 

10 Aryl is a 6-membered aromatic ring containing 0, 1, 2 or 3 N atoms 
and either unsubstituted or substituted with one or more groups chosen 
from and R2; 

X is selected from 

-NR^R2, -NR^-C-R3, -C-NHR^ -NR^-C-NR3R^ 

NR^ NR^ 
-aryl-NR^R2. .gryl-C-NR^R^ -aryl-NR^-C-NR3R^ 
or a 4- to 10- membered mono- or polycyclic aromatic or 
nonaromatic ring system containing 0, 1, 2, 3 or 4 heteroatoms 
selected from N, O and S and either unsubstituted or substimted 
withRl3,Rl4 Rl5orRl6; 

20 



15 



.. Y is selected from the group consisting of 
CO-8 alkylene, 
C3.10 cycloalkyl, 

Co-8 alkylene-NR3.CO-Co.8 alkylene, 
25 Co-g alkylene-CONR^-CO-S alkylene, 

Co-S alkylene-O-Co-g alkylene, 
Co-8 alkylene-NRl-CO-g alkylene, 
C0.8 alkylene-S(O)0.2-C0-8 alkylene, 
Co-8 alkylene-SO2-NR3-C0-8 alkylene. 
30 C0.8 alkylene-NR3-S02-Co.8 alkylene. 
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CO-8 alkylene-CO-CO-8 alkylene, 
(CH2)0-6 aryl(CH2)0-6. 
(CH2)0-6 aryl-CO-(CH2)0-6, 
(CH2)0-6 aryl-CO-NH-(CH2)0-6, and 

OH 

I 

(CH2)o-8CH(CH2)o.B . 

5 » 

Z and A are each independently selected from the group consisting of 

(CH2)„,. {CH2)„0(CH2)„. (CH2)„,NR3(CH2)n. 

O 0 0 

II II II 

(CH2LCNR3(CH2)n. (CH2)„NR3C{CH2)n. (CH2)mC(CH2)n. 

o 

S |j 

(CH2UC(CH2)n. (CH2)mS02(CH2)n. {CH2)mS(CH2)n. 
(CH2)mSO(CH2)„. (CH2US02NR3(CH2)„. 
(CH2)„NR3S02(CH2)n. (CH2)„,CR^=CR*(CH2)„. and 

(CH2)mC=C-(CH2)n. 

where m and n are integers independently chosen from 0-6; 

10 

B is selected from 



r1, r2, r3 and are each independently selected from the group 
consisting of 




or 




hydrogen. 
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halogen, 
Cl-lOalkyl, 
aryl Co-8 alkyl, 
amino CO-8 alkyl, 
5 Cl-S acylamino CO-8 alkyl, 

Cl.6 alkylamino CO-8 alkyl, 
Cl-e dialkylamino CO-8 alkyl, 
aryl CO-6 alkylamino CO-6 alkyl. 
Cm alkoxyamino CO-8 alkyl, 
1 0 hydroxy C i -6 alkylamino CO-8 alkyl, 

Cl-4 alkoxy Co-6 alkyl, 
carboxy CO-6 alkyl, 
Cl-4 alkoxycarbonyl CO-6 alkyl, 
carboxy CO-6 alkyloxy, 
15 hydroxy Cl -6 alkylamino CO-e alkyl, 

hydroxy Co-6 alkyl, 
NR^ 



and 



NR2 

X 

-NR^^NR^R* . 

r6, r7, r8, r9, rIO, and r1 1 are each independently selected from 
20 hydrogen, 
fluorine, 
Cl.8 alkyl, 
hydroxyl, 

hydroxy Cl.6 aUcyl, 
25 carboxy CO-6 alkyl, 

Cl.6 alkyloxy, 
Cl.6 alkylcarbonyl, 
aryl CO-6 alkylcarbonyl, 
Ci-6 alkylcarbonyloxy. 
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aryl CO-6 alkylcarbonyloxy, 

Cl.6 alkylaminocarbdnyloxy, 

C3.8 cycloalkyl, 

aryl CO-6 alkyl. 
5 CO-6 alkylamino CO-6 alkyl, 

Co-6 dialkylamino CO-6 alkyl, 

Cl-g alkylsulfonylamino CO-6 alkyl, 

aryl CO-6 alkylsulfonylamino CO-6 alkyl, 

Cl-8 alkyloxycarbonylamino CO-8 alkyl, 
10 aryl CO-8 alkyloxycarbonylamino CO-8 alkyl, 

C 1 -8 alky Icarbony lamino CO-6 alkyl, 

aryl CO-6 alkylcarbonylamino CO-6 alkyl, 
CO-8 alkylaminocarbonylamino C0.6 alkyl, 
aryl CO-8 alkylaminocaibonylamino CO-6 alkyl, 
15 Co-8 alkylaminosulfonylamino CO-6 alkyl, 

aryl CO-8 alkylaminosulfonylamino C0.6 alkyl, 
Cl-e alkylsulfonyl CO-6 alkyl, 
aryl CO-6 alkylsulfonyl CO-6 alkyl. 
Ci-6 alkylcarbonyl CO-6 alkyl, 
20 aryl CO-6 alkylcarbonyl CO-6 alkyl, 

Cl.6 alkylthiocarbonylamino CO-6 alkyl, and 
aryl CO-6 alkylthiocarbonylamino CO-6 alkyl 
wherein the alkyl or aryl groups may be unsubstituted or 
substituted with one or more substituents selected from and 
25 R2; 

r12 is selected from 
hydroxy, 
Cl-8 alkyloxy, 
30 aryl CO-6 alkyloxy, 

Cl-8 alkylcarbonyloxy Ci-4 alkyloxy, 
aryl Cl.8 alkylcarbonyloxy Cl-4 alkyloxy, 
C 1 -6 dialkylaminocarbonylmethyloxy , 
aryl Cl-6 dialkylaminocarbonylmethyloxy or 
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an L- or D-amino acid joined by an amide linkage and 
wherein the carboxylic acid moiety of said amino acid 
is as the free acid or is esterified by C 1 -6 alkyl; and 

5 Rl3,Rl4,Rl5andRl6are each independently selected from the group 

consisting of 
hydrogen, 
Cl-lO alkyl, 
aiyl CO-8 alkyl, 
10 0X0, 
thio, 

amino CO-8 alkyl, 

Cl -3 acylamino CO-8 alkyl, 

Ci.6 alkylamino Co-g alkyl, 
15 C 1 -6 dialkylamino CO-8 alkyl, 

aryl CO-6 alkylamino CO-6 alkyl, 

Ci-4 alkoxyamino CO-8 alkyl, 

hydroxy Cl-6 alkylamino CO-8 alkyl, 

CM alkoxy CO-6 alkyl, 
20 carboxy €0-6 alkyl, 

CM alkoxycarbonyl CO-6 alkyl, 

carboxy CO-6 alkyloxy, 

hydroxy Cl.6 alkylamino CO-6 alkyl, 

hydroxy CO-6 alkyl, 
NR^ 

^NR^R2 , and 



25 



NR2 
0 

-NR^^NR^R* . 

f 

and the pharaiaceutically acceptable salts thereof 



WO9S/32710 



PCTAJS95A)5938 



-204- 

3. The method of Claim 2. wherein Aryl is a 6- 
membered aromatic ring containing 0, 1 or 2 N atoms and either 
unsubstituted or substituted with one or more groups chosen from R 
and r2; 

5 

X is defined in claim 2; 
Y is selected from 

Co-8 alkylene, 

CO-8 alkylene-NR3-CO-C0-8 alkylene. 
10 CO-8 alkylene-CONR3-C0-8 alkylene, 

CO-8 alkylene-O-Co.8 alkylene, 

CO-8 alkylene-NRl-CO-8 alkylene, 

Co-8 alkylene-S(O)0-2-C0-8 alkylene, 

Co-8 alkylene-S02-NR3.Co-8 alkylene, or 
1 5 CO-6 alkylene-aryl-CO-6 alkylene; 

Z and A are each independently selected from the group consisting of 
(CH2)„. (CH2)„,0(CH2)„, (CH2)m-NR3-(CH2)n. 

O o 

(CH2)„ftNR3(CH2)n.(CH2)mNR'B(CH2)n. 

o 

(CH2)n,ll(CH2)„. (CH2),r.S02(CH2)„. 
(CH2)n,S02NR3(CH2)n.(CH2),„NR3S02{CH2)n . 

and (CH2)„P=C-{CH2)n . 

wherein m and n are independently chosen from 0-6; 
20 R1 , R2. R3 and R^ arc each independently selected from 
hydrogen, 
Ci-10 alkyl, 
aryl CO-8 alkyl. 
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amino CQ-g alkyl, 
C1.3 acylamino CO-8 alkyl, 
Ci -6 alkylamino CO-8 alkyl. 
C1.6 dialkylamino CO-8 alkyl, 
5 CM alkyloxy CO-6 alkyl, 

carboxy CO-6 alkyl, 
Cl-4 alkyloxy carbonyl CO-6 alkyl, 
carboxy €0-6 alkyloxy, 
hydroxy CO-6 alkyl. 



NR2 

10 

r6, r7, r8, r9, rIO and R1 ^ arc independently selected from the 

group consisting of 
hydrogen, 
15 hydroxyl, 
fluorine, 
C1.8 alkyl, 
C3-8 cycloalkyl, 
aryl CO-6 alkyl, 
20 CO-6 alkylamino CO-6 alkyl, 

CO-6 dialkylamino CO-6 alkyl, 
C 1 -8 alky Isulfonylamino CO-6 alkyl, 
aryl CO-6 alkylsulfonylamino CO-6 alkyl, 
C1.8 alkyloxycarbonylamino CO-8 alkyl, 
25 aiyl CO-8 alkyloxycarbonylamino CO-8 alkyl, 

Cl-8 alkylcarbonylamino CO-6 alkyl, 
aryl CO-6 alkylcarbonylamino CO-6 alkyl, 
CO-8 alkylaminocarbonylamino CO-6 alkyl, 
aryl CO-8 alkylaminocarbonylamino CO-6 alkyl. 
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CO-8 alkylaminosulfonylamino CO-6 alkyU 
aryl CO-8 alkylaminosulfonylamino CO-6 alkyl, 
Cl -6 alkylsulfonyl CO-6 alkyl, 
aryl CO-6 alkylsulfonyl CO-6 alkyl, 
5 Cl.6 alkylcarbonyl CO-6 alkyl, and 

aryl CO-6 alkylcarbonyl CO-6 alkyl; 

r12 is selected from the group consisting of 
hydroxy, 
10 Ci-R alkyloxy, 

aryl CO-6 alkyloxy. 

Cl-8 alkylcarbonyloxy CM alkyloxy, and 
aryl CO-8 alkylcaibonyloxy CM alkyloxy; and 

15 r13, r14, r15 and R^^ are each independently selected from 
hydrogen, 
Cl-lO alkyl, 
aryl CO-8 alkyl, 

0X0, 

20 amino CO-8 alkyl, 

Cl-3 acylamino CO-8 alkyl, 

Cl.6 alkylamino CO-8 alkyl, 

Cl.6 dialkylamino CO-8 alkyl, 

CM alkyloxy CO-6 alkyl, 
25 carboxy CO-6 alkyl. 

Cm alkyloxycarbonyl CO-6 alkyl, 

carboxy CO-6 alkyloxy, 

hydroxy CO-6 alkyl, 
NR^ 

^NHR2 ^ 



NR2 
-NR^^NHR^ 
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4. The method of Claim 3, wherein the compound has 

the formula: 



X-Y-Z-^^A-B 



5 wherein: 

X is selected from the group consisting of 

NR2 NR2 NR2 

-NR^R2. -NR^-C.R3. -C-NHR*. -NR^-C-NR3R^ 

NR^ NR^ 
-aryl-NR^R2. .aryl-C-NR^R^, -aryl-NR^-C-NR^R^ 
or a 5- to 10- membered aromatic or nonaromatic ring 
10 system containing 0, 1 , 2, 3 or 4 heteroatoms selected from 

N and S and either unsubstimted or substimted with r13, Rl4, 
Rl5orRl6; 

Y is selected from the group consisting of 
15 CO-8 alkylene, 

Co-g alkylene-NR3.cO-C0-8 alkylene, 

Co-R alkylene-CONR3.co.8 alkylene, 

CO-8 alkylene-O-CO-8 alkylene, 

CO-8 alkylene-NR l-CO-8 alkylene and 
20 CO-8 alkylene-S(O)0-2-C0-8 alkylene; 

Z and A are each independently selected from the group consisting of 
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O 

II 

(CH2),n. (CH2)rirC— (CH2)n .(CH2)„r-0-(CH2)n . 



(CH2)n,S02— (CH2)n . (CH2)m-CONH-(CH2)n . 

and (CH2)mC=C-(CH2)n : 

wherein m and n are independently chosen from 0-6; 
B is defined as in Claim 2; 

r1 , R2, r3 or R4, are each independently selected from the group 

5 consisting of 

hydrogen, 

Ci-lO alkyl. 

aryl CO-8 alkyl. 

Cm alkyloxy Co-6 alkyl, 
10 C 1 -4 alkoxycarbonyl CO-6 alkyl, 

carboxy CO-6 alkyl, 

hydroxy CO-6 alkyl, 

amino CO-8 alkyl, 

Cl-6 alkylamino CO-8 alkyl, 
15 C 1 -6 dialkylamino CO-8 alkyl, 

NH 

NH2 , and 

NH 
U 

-NH NH2 ; 
r6-R 1 2 are defined as in Claim 3; 

r13, Rl4, r15 or R16, are each independently selected from the group 

20 consisting of 

hydrogen, 
Ci-10 alkyl. 
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aryl CO-8 alkyl, 

0X0, 

Cl -4 alkyloxy CO-6 alkyl, 
Cl-4 alkoxycarbonyl CO-6 alkyl, 
5 carboxy CO-6 alkyl, 

hydroxy CO-6 alkyl, 
amino CO-8 alkyl, 
Ci-6 alkylamino CO-8 alkyl, 
Ci-6 dialkylamino CO-8 alkyl, 
NH 

NH2 , and 



NH 

X 

-NH'^NH2 



5. The method of Claim 4, wherein 



X is selected from the group consisting of 
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.NR1r2 -NR^-C-R^ -NR^-C-NR3R^ 

NRi NR2 f^^ 

II II 
-aryl-NR^R2. .aryl-C-NR^R^. -aryl-NR^-C-NR3R^ 

R^ • R^ ' 



Y is selected from the group consisting of 
Co-8 alkylene, 

CO-8 alkylene-NR3-CO-CO-8 alkylene, 
5 Co-g alkylene-O-Co-8 alkylene and 

Co-8 alkylene-NR ^ -CO-8 alkylene; 

Z and A are each independently selected from the group consisting of 

r3 



(CHzL (CH2),r"0— (CH2)n . (CH2)mC2C-(CH2)n . (CH2)^-N.(CH2)n. 

O 

(CH2)„S02(CH2)n . (CH2)„S(CH2)n. (CH2UCH=CH(CH2)„ , 

o 

II 

and (CH2)„,CNH(CH2)n . 
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wherein m and n are independently chosen from 0-6; 
Bis 



0 




R1,R2 r3 and r4 are each independently selected from the group 
consisting of 
hydrogen, 

Ci -4 alkoxy Co-6 alkyl, 
Ci^ alkoxy carbonyi Co-6 alkyl, 
Ci.6 alkylamino Co-g alkyl, 
Cl.6 dialkylamino CO-g alkyl, 
amino CO-8 alkyl and 
aryl CO-8 alkyl; 

r6 and r7 are each independently selected from tiie group consisting of: 
15 hydrogen, 

Co.6 alkylamino Co.6 alkyl, 
Co-6 dialkylamino CO-6 alkyl, 
aryl Co-6 alkyloxycarbonylamino Co-6 alkyl, 
aryl CO-6 alkylsulfonylamino Co-6 alkyl and 
20 aryl Co-6 alkylcarbonylamino Co-6 alkyl; 

r12 is selected from the group consisting of 
hydroxy and 
Ci-g alkyloxy; and 

r13 is selected from the group consisting of 
hydrogen, 

Ci-4 alkoxy Co-6 alkyl, 
Ci-4 alkoxycarbonyl CO-6 alkyl, 
Ci.6 alkylamino Co-g alkyl. 



5 



10 
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Ci.6 dialkylamino CO-8 alkyl, 
amino CO-8 alkyl, 
0X0 and 

aryl CO-8 alkyl. 

5 

6. The method of Claim 5, wherein 
X is selected from the group consisting of 




H 



Y is selected from the group consisting of 
10 CO-2 alkylene, 

Co.2alkylene-NH-C0-, 

Co-5 alkylene-O-CO-1 alkylene and 

-NH-C2-4 alkylene; 



15 r6 and r7 are each independently selected from the group consisting of 
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hydrogen, 
-NHCbz, 
-NHS02Ph, 
-NHC(0)-Ph, and 
5 -N(CH3)-S02Ph. 

7. The method of Claim 6, wherein the compound is 
selected from the group consisting of: 

1 0 4-(2-Guanidinoethyloxy)benzoyl-2(S)-benzy loxycarbony lamino-P- 
alanine, 

4-(2-Guanidinoethyloxy)benzoyl-2(S)-phenylsulfonylamino-p-alanine, 

15 2(S)-Phenylsulfonylamino-3-[4-(4-guanidinobutyloxy)phenyl]-propionic 
acid, 

2(S)-(N-Benzyloxycarbonylamino)-3-[4-(5-guanidopentyloxy)phenyl]- 
propionic acid, 

20 

4-(3-Guanidinopropyloxy)benzoyl-2-(S)-phenylsulfonylamino-p- 
alanine, 

4-(3-Foraiamidinopropyloxy)benzoyl-2-(S)-phenylsulfonylamino-P- 
25 alanine, 

3-Methoxy-4-(3-guanidinopropyloxy)benzoyl-2(S)-phenylsulfonyl- 
amino-P-alanine, 

30 3-Methoxy-4-(3-aminopropyloxy)benzoyl-2(S)-phenylsulfonylamino-P- 
alanine, 

3-(3-Guanidinopropyloxy)benzoyl-2(S)-phenylsulfonylamino-|i-alanine, 
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4-[2-(N-Phenylguanidino)ethyloxy]benzoyl-2(S)-phenylsulfonylamino- 
p-alanine, 

4-[2-(NjNl-Dimethylguanidino)ethyloxy]benzoyl-2(S)-phenylsulfonyl- 
5 amino-|)-aianine, 

4-(Guaiiidinophen-3-yloxy)benzoyl-2(S)-phenylsulfonylammo-P- 
alanine, 

10 4-[2-(Guanidmo)ethyloxyinethyl]beiizoyl-2(S)-phenylsulfonylamino-p- 
alanine, 

3- [2-(Guanidmo)ethylaininocait)onyl]benzoyl-2(S)-phenylsulfonyl- 
amino-P-alanine, 

15 

4- [2-(l-Benzylimidazol-4-yl)ethyloxy]benzoyl-2(S)-phenylsulfonyl- 
amino-P-alanine, 

4-(2-(Imidazol-4-yl)ethyloxy]benzoyl-2(S)-phenylsulfonylammo-P- 
20 alanine, 

4-[2-(2-Ammothiazol-4-yl)ethyloxy]ben2oyl-2(S)-phenylsulfonylamino- 
p-alanine t-butyl ester, 

25 4-I2-(2-Aminothiazol-4-yl)ethyloxy]benzoyl-2(S)-phenylsulfonyl- 
■ amino-p-alanine, 

4-[2-(N-(2-Imidazolin-2-yl)aminoethyloxy]benzoyl-2(S)-phenylsulfonyl- 
amino-P-alanine, 

30 

2(S)-Phenylsulfonylamino-3-[4-(4-(N-imidazolin-2-yl)aminobutyloxy)- 
phenyl]propionic acid. 
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4-[2-[N-[Cis-3a,4,5,6,7,7a-Hexahydro-lH-benzimidazol-2-yl]amino]- 
ethyloxybenzoyl-2(S)-phenylsulfonylamino-|3-alanine, 

4.[2-(Pyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)-phenylsulfonylammo- 
5 P-alanine, 

4-[2-(3,4,5,6-Tetrahydropyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)- 
phenylsulfonylamino-p-alanine, 

10 4-[2-(2-Ammothiazol-4-yl)ethyI]benzoyl-2(S)-phenylsulfonylammo-P- 
alanine t-butyl ester, 

4-[2-(2-Ammothiazol-4-yl)ethyl]benzoyl-2(S)-phenylsulfonylamino-P- 
alanine, 

15 

4-[2(S)-(N-(2-lmidazolin-2-yl)amino)propyloxy]ben2oyl-2(S)-phenyl- 
sulfonylamino-P-alanine, 

4-[2-(lmidazol-2-yl)ethyl]benzoyl-2(S)-phenylsulfonylamino-p-alanine, 

20 . „ 

4-[2-(Thiazol-2-ylamino)ethyloxy]benzoyl-2(S)-phenylsulfonylamino-p- 

alanine, 

4-[2-(Pyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)-benzyloxycarbonyl- 
25 amino-P-alanine, 

4-[2-(3 ,4,5 ,6-Tetrahydropyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)- 
benzyloxycarbonylamino-p-alanine, 

30 Methyl 2(S)-beiizoylainino-3-[4-(4-pyriinidin-2-ylaminobutyloxy)- 
phenyl]propionate, 

2(S)-Benzoylamino-3-l4-(4-pyrimidin-2-ylamino)butyloxy)phenyl]- 
propionic acid, 
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2(S)-Benzoylamino-3-[4-(4-(3,4,5,6-tetrahydropyrimidin-2-ylamino)- 
butyloxy)phenyl]propionic acid, 

5 4.[2-(Pyrimidin-2-ylamino)ethyloxy]ben2oyl-2(S)-(N-inethyl)-phenyl- 
sulfonylamino-P-alanine t-butyl ester, 

4.[2-(Pyrimidin-2-ylamino)ethyloxy]ben2oyl-2(S)-(N-methyl)-phenyl- 
sulfonylamino-p-alanine, 

10 

4-I2-(3,4,5.6-Teti^ydropyrimidm-2-ylamino)ethyloxy]benzoyl-2(S)- 
(N-methyl)-phenylsulfonylainino-P-alanine, 

4-[2-(N-(5.6-Dihydro-4-keto- 1 (H)-pyrimidin-2-yl)ammo)ethyloxy]- 
1 5 benzoyl-2(S)-phenylsulfonylamino-P-alanine, 

4-(2-Aminopyridin-6-ylethynyl)benzoyl-2(S)-phenylsulfonylamino-P- 
alanine t-butyl ester, 

20 4-(2-Aminopyridin-6-ylethynyl)benzoyl-2(S)-phenylsulfonylamino-p- 
alanine, 

4-[2-(2-Aminopyridin-6-yl)ethyl]benzoyl-2(S)-phenylsulfonylaimno-P- 
alanine, 

25 

4-[2-(2-Aniinopyridin-6-yl)ethyloxy]benzoyl-2(S)-phenyl- 
sulfonylamino-p-alanine t-butyl ester, 

4.I2-(2-Aimnopyridin-6-yl)ethyloxy]benzoyl-2(S)-phenylsulfonylamino- 
30 ^-alanine, 

4-[2-(lndol-2-yl)ethyloxy]ben2oyl-2(S)-phenylsulfonylamino-p-alanine 
methyl ester. 
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4-[2-(IndoI-2-yl)ethyloxy]benzoyI-2(S)-phenylsulfonylammo-P-alanine, 

4-[3-[N- 1 H-Beiizimida2ol-2-yl)anuno]propyloxy]benzoyl-2(S)- 
phenylsulfonylamino-P-alanine, 

5 

4-[2-(3-Aminoisoqumolin-l-yl)ethyl]benzoyl-2(S)-phenylsulfonyIamino- 
p-alanine, 

4-[(3-Ammoisoquinolin- 1 -yl)ethynyl]benzoyl-2(S)-phenylsulfonyl- 
10 amino-P-alanine, 

4-[2-( 1 ,2,3,4-Tetrahydro- 1 ,8-naphthyridm-7-yl)ethyI]benzoyl- 
2(S)1 1 (S)10-camphorsulfonylamino]P-alanine, 

15 4-l2-(l ,2,3,4-Tetrahydro-l ,8-naphthyridin-7-yl)ethyl3beIlzoyl-2(S)- 
[l(S)10-campho^sulfonylamino]15-alanine ethyl ester, 

4-[2-(l,2,3,4-Tetrahydro-l,8-naphthyridin-7-yl)ethyl]benzoyl-2(S)- 
phenylsulfonylamino-p-alanine, 

20 

4-[2-(l ,2,3,4-Tetrahydro-l ,8-naphthyridin-7-yl)ethyl]benzoyl-2(S)- 
.phenylsulfonylamino-P-alanine ethyl ester, 

4-[2-( 1 H-Imidazo[4,5-b]pyridin-2-yl)ethenyl]benzoyl-2(S)- 
25 phenylsulfonylamino-P-alanine, 

4-l2-(lH-lmidazo[4,5-b]pyridin-2-yl)ethyl]benzoyl-2(S)- 
phenylsulfonylamino-P-alanine 

30 and their pharmaceutically acceptable salts. 

8. A method of claim 1 , wherein X of the compound is 
selected from the group consisting of 
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-NR^R2, -NR^-C-R^ -NR^-C-NR=^R^ 

NR^ NR^ 
-aryl-NR^R2. .aryi-C-NR^R^. -aryl-NR^-C-NR3R^ 

R^ Ri 





H 



R^ H R^ 




R1 R^ 

Y is selected from the group consisting of 
CO-8 alkylene, 

CO-8 alkylene-NR3.cO-C0-8 alkylene, 
5 CO-8 alkylene-O-CO-8 alkylene and 

Co-8 alkylene-NR 1 -CO-8 alkylene; 

• Z and A are each independently selected from the group consisting of 
(CH2), . (CH2)-0-(CH2)n . (CH2)n,CEC-(CH2)„. 

R3 9 

T II 

(CH2)„,-N-(CH2)n. (CH2)„S02(CH2),n. (CH2)n,S(CH2)n. 

o 

II 

. (CH2kCH=CH(CH2)n, and (CH2),nCNH(CH2)n. 
10 wherein m and n are independently chosen from 0-6; 
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Bis 



O 




r1 , r2, r3 and are each independently selected from the group 
consisting of 

5 hydrogen. 

Cm alkoxy CO-6 alkyl, 

Ci-4 alkoxycarbonyl Co-6 alkyl, 

Cl -6 alkylamino Co-8 alkyl, 

Ci-6 dialkylamino CO-8 alkyl, 
10 amino Co-g alkyl and 

aryl Co-g alkyl; 

r6 and r7 are each independently selected from the group consisting of: 
hydrogen, 
1 5 Co-6 alkylamino Co-6 alkyl , 

Co-6 dialkylamino CO-6 alkyl, 
aryl Co-6 alkyloxycarbonylamino Co-6 alkyl, 
aryl Co-6 alkylsulfonylamino CO-6 alkyl and 
aryl Co-6 alkylcarbonylamino Co-6 alkyl; 

20 

. r12 is selected from the group consisting of 

hydroxy and 
Ci-g alkyloxy; and 

25 r13 is selected from the group consisting of 
hydrogen, 

C 1 A alkoxy CO-6 alkyl. 
Cm alkoxycarbonyl CO-6 alkyl, 
C 1 -6 alkylamino Co-8 alkyl, 
30 C 1 -6 dialkylamino CO-g alkyl , 
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amino CO-8 alkyl, 
0X0 and 

aryl CO-8 alkyl. 

9. A method of claim 8 wherein X of the compound is 
5 selected from the group consisting of 




A and B are defined as in claim 8; 

Y is selected from the group consisting of 
10 CO-2 alkylene, 

CO-2 alkylene-NH-CO", 

CO-5 alkylene-O-CO-1 alkylene and 

-NH-C2-4 alkylene; and 
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r6 and TO are each independently selected from the group consisting of 
hydrogen, 
-NHCbz, 
-NHS02Ph, 
5 -NHC(0)-Ph, and 

-N(CH3)-S02Ph. 

10. A method of claim 9 wherein the compound is 
selected from the group consisting of 

10 

4-[2-(lH-Liiidazo[4,5-6]pyridin-2-yl)ethenyl]benzoyl-2(S)-phenyl- 
sulfonylamino-P-alanine t-butyl ester, 

4-t2-( 1 H-lmidazo[4,5-b]pyridin-2-yl)ethenyl)benzoyl-2(S)-phenyl- 
15 sulfonylamino-p-alanine, 

4-[2-(lH-lmidazo[4,5-b]pyridin-2-yl)ethyl]benzoyl-2(S)-phenyl- 
sulfonylamino-p-alanine, 

20 4-[2-(l,8-Naphthyidin-7-yl)ethenyl)benzoyl-2(S)-phenylsulfonylamino- 
p-alanine t-butylester, 

4-[2-(l ,2,3,4-Tetrahydro-l ,8-naphthyridin-7-yl)ethyl]benzoyl-2(S)- 
phenylsulfonylamino-P-alanine t-butyl ester, 

25 . 

4-[2-(l ,2,3,4-Tetrahydro-l ,8-naphthyridin-7yl)ethyl]benzoyl-2(S)- 
phenylsulfonylamino-p-alanine, 

4-[2-(l,8-Naphthyridin-7-yl)ethenyl]benzoyl-2(S)-phenylsulfonyl- 
30 amino-p-alanine ethyl ester, 

4-[2-(l ,2,3 ,4-Tetrahydro- 1 ,8-naphthyridin-7-yl)ethyl]benzoyl-2(S)- 
phenylsulfonylamino-p-alanine ethyl ester, 
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10 



15 



4-[2-(l .2.3,4-Tetrahydro- 1 ,8 naphthyridin-7-yl)ethyl]benzoyl-2(S)- 
[l(S)10-camphorsulfonylamido] p-alanine ethyl ester, 

4-[2-(l ,2,3 ,4-Tetrahydro- 1 ,8 naphthyridin-7-yl)ethyl]benzoyl-2(S)- 
[ 1 (S) 1 0-camphorsulfonylamido] p-alanine, 

4-1(3- Aminoisoqumolin-l-yl)ethynyl]benzoyl-2(S)-phenylsulfonamido- 
p-alanine ethyl ester, 

4-[(3- Aminoisoquinolin- 1 -yl)ethynyl]ben2oyl-2(S)-phenylsulfonamido- 
P-alanine trifluoroacetate, 

4-l2-(3-Aminoisoquinolin-l-yl)ethyl]benzoyl-2(S)-phenylsulfonamido- 
P-alanine trifluoroacetate, 

4-[3-[N-( 1 H-Benzimidazo-2-yl)amino]propoxy]benzoyl-2(S)- 
phenylsulfonylamino-P-alanine t-butyl ester, and 

4-[3-[N-(lH-Benzimidazol-2-yl)amino]propoxy]benzoyl-21(S)- 
phenylsulfonylamino-P-alanine. 



11. A compound of the formula 




wherein 



25 



X is selected from the group consisting of 
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.Nr1r2^ -NR^-C-R^ -NR^.C-NR3R^ 




I 

R^ 



Y is selected from the group consisting of 
Ci-8 alkylene, 
(CH2)m-CsC(CH2)n, 
5 (CH2)mCRl=CR2(CH2)n. 

(CH2)mCR 1 =CR2(CH2)nO, 

CO-8 alkylene-NR3-CO-CO-8 alkylene, 

CO-8 alkylene-O-CO-8 alkylene, 
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Co-8 alkylene-NR3-C0-8 alkylene and 
Co-8 alkylene-NR3.Co-8 alkylene-0-; 

A is selected from the group consisting of 

O 

"(CHzL- and -(CH2)n,CNR3(CH2)n-; 

Bis 

O 




r1. r2, r3 and are each independently selected from the group 
consisting of 
10 hydrogen, 

Cm alkoxy CO-6 alkyl, 
Ci-4 alkoxycarbonyl 00-6 alkyl, 
C 1 -6 alkylamino CO-8 alkyl, 
Ci-6 dialkylamino Co-8 alkyl, 
15 amino Co-8 alkyl and 

aryl CO-8 alkyl; 

.. r5 is selected from the group consisting of 

hydrogen, 
20 Cm alkoxy Co-6 alkyl. 

Cm alkoxycarbonyl Co-6 alkyl, 

Ci.6 alkylamino Co-8 alkyl, 

Ci -6 dialkylamino CO-8 alkyl. 

amino Co-8 alkyl, 
25 oxo and 

aryl Co-8 alkyl; 
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r6 and r7 are each independently selected from the group consisting of: 
hydrogen, 

CO-6 alkylamino CO-6 alkyl, 
CO-6 dialkylamino CO-6 alkyl, 
5 aryl CO-6 alkyloxycarbonylamino CO-6 alkyl, 

aryl Co-6 alkylsulfonylamino CO-6 alkyl and 
aryl CO-6 alkylcarbonylamino CO-6 alkyl; 

R12 is selected from the group consisting of 
10 hydroxy, 

Cl-g alkyloxy, 

Ci-6 dialkylaminocarbonylmethoxy and 
aryl Ci.6 dialkylaminocarbonylmethoxy; and 

15 m and n are integers independently chosen from 0-6; 

provided that when the compound is 

9 ?\ 



^— ^ " H MHSOJ 



NHSOgPh 

wherein rI2 is hydroxy or Cm alkyloxy, then X-Y is not 
20 NH2-(CH2)2-NH-CO-. 

BOC-HN-(CH2)2-^fH-CO-, 
NH 

X 

H2N N— (CH2)2-NH-CO- 




or 



25 
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and the phannaceutically acceptable salts thereof. 

12. A compound of claim 1 1, wherein 
X is selected from the group consisting of 

NH NH 
NH NH Y 

-NH-C-NH2. -NH-C-NHPh, -NH-C-N(CH3)2. "NH-C-H . 

H 

H H ' 

cxr . err. cxv 

5 

Y is selected from the group consisting of 
Cl-3 alkylene, 
-C=C-, 

Co-2 alkylene-NH-CO-, 
10 CO-5 alkylene-O-CO-1 alkylene 

-NH-C2-4 alkylene and 
-NH-C2-4 alkylene-0-; 

A is selected from the group consisting of 
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O 

-(CHzU- and -(CH2)n,CNH(CH2)n-; 

r1 is selected from the group consisting of 
hydrogen and 
Cm alkoxy; 

5 r6 and R7 are each independently selected from the group consisting of 

hydrogen, 

-NHCbz, 

-NHS02Ph. 

-NHC(0)-Ph and 
10 -N(CH3)-S02Ph; and 

m and n are integers independently chosen from 0-6. 

13. A compound of claim 1 1 having the formula 

15 ^ 
wherein 



X is selected from the group consisting of 
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II , Jl , X 

.NR^R2, -NR^-C-R3. -NR^-C-NR3R* 




Y is selected from the group consisting of 
Ci-galkylene, 
(CH2)m-OC(CH2)n, 

5 (CH2)mCRl=CR2(CH2)n, 
(CH2)mCRJ=CR2(CH2)nO, 
CO-8 alkylene-NR3.cO-C0-8 alkylene. 
Co-8 alkylene-O-CO-8 alkylene, 
CO-8 alkylene-NR3-Co-8 alkylene and 

10 CO-8 alkylene-NR3.co.8 alkylene-0-; 

A is selected from the group consisting of 

O 

-(CH2)m- and -(CH2)mCNR3(CH2)n-; 



f 
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Bis 



O 




r1, r2, r3 and arc each independently selected from the group 
consisting of 
5 hydrogen. 

Cm alkoxy Co-6 alkyl, 
Ci-4 alkoxycarbonyl Co.6 alkyl, 
Ci.6 alkylamino CO-8 alkyl, 
Ci-e dialkylamino CO-8 alkyl, 
10 amino CO-8 alkyl and 

aryl CO-8 alkyl; 

r5 is selected from the group consisting of 

hydrogen, 
15 Cm alkoxy CO-6 alkyl, 

Ci-4 alkoxycarbonyl Co-6 alkyl, 

Ci-6 alkylamino Co-8 alkyl, 

Ci -6 dialkylamino CO-8 alkyl, 

amino Co-8 alkyl, 
20 oxo and 

aryl Co-8 alkyl; 

r6 and r7 arc each independently selected from the group consisting of: 
hydrogen, 
25 Q).6 alkylamino CO-6 alkyl, 

Co.6 dialkylamino Co.6 alkyl, 
aryl Co-6 alkyloxycarbonylamino Co-6 alkyl, 
aryl Co.6 alkylsulfonylamino Co-6 alkyl and 
aryl CO-6 alkylcarbonylamino CO-6 alkyl; 

30 
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r12 is selected from the group consisting of 

hydroxy, 
Ci-8alkyloxy, 

Cl-6 dialkylaminocarbonyhnethoxy and 
aryl CO-6 dialkylaminocarbonylmethoxy, and 

m and n are integers independently chosen from 0-6; 
provided that when the compound is 

9 



10 




15 



_ H NHS02Ph 

wherein r12 is hydroxy or Ci-4 alkyloxy, then X-Y is not 
NH2-(CH2)2-NH-CO-, 
BOC-HN-(CH2)2-NH-CO-, 
NH 

X 

HzN^N— (CH2)2-NH-CO- 
H 

N 

H or 



(f^N-(CH2)3-0- 

and the pharmaceutically acceptable salts thereof. 

20 14. Thecompoundof Claim 13, wherein 

X is selected from the group consisting of 
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Y is selected from the group consisting of 
Cl.2alkylene, 
OC-, 

5 CO-2 alkylene-NH-CO-, 

Co-5 alkylene-O-CO-1 alkylene and 
-NH-C2-4 alkylene-0-; 

A is selected from the group consisting of 

O 

[Q -(CH2)m- and .(CH2)„,CNH(CH2)„-. 

r1 is selected from the group consisting of 
hydrogen and 
Ci-4 alkoxy; 
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r6 and R7 are each independently selected from the group consisting of , 
hydrogen, 
-NHCbz, 
-NHS02Ph, 
5 -NHC(0)-Ph, and 

.N(CH3)-S02Ph; and 

m and n are integers independently chosen from 0-1. 

10 15. The compound of Claim 14 selected from the group 

of: 

4-(2-Guanidoethyloxy)benzoyl-2(S)-benzyloxycarbonylamino-P-alanine, 

15 4-(2-Guanidoethyloxy)benzoyl-2(S)-phenylsulfonylamino-ji-alanine, 

2(S)-Phenylsulfonylamino-3-[4-(4-guanidobutyloxy)phenyl]-propionic 
acid, 

20 2(S)-(N-Benzyloxycarbonylamino)-3-[4-(5-guanidopentyloxy)phenyl]- 
propionic acid, 

4-(3-Guanidinoinpropyloxy)benzoyl-2-(S)-phenylsulfonylamino-p- 
alanine, 

25 

4-(3-Fonnamidinopropyloxy)benzoyl-2-(S)-phenylsulfonylanmio-p- 
alanine, 

3-Methoxy-4-(3-g;uanidinopropyloxy)benzoyl-2(S)-phenylsulfonyl- 
30 amino-P-alanine, 

3-Methoxy-4-(3-aminopropyloxy)benzoyl-2(S)-phenylsulfonylamino-P- 
alanine. 
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3- [3-(Guaiiidino)propyloxy]benzoyl-2(S)-phenylsulfonylaiiiino-P- 
alanine, 

4- [2-(N-Phenylguanidino)ethyloxy]benzoyl-2(S)-phenylsulfonylammo- 
5 p-alanine, 

4-[2-(Njvl-Dimethylguanidino)ethyloxy)benzoyl-2(S)-phenylsulfonyl- 
amino-P-alanine , 

1 0 4-(Guanidinophen-3-yloxy)benzoyl-2(S)-phenylsulfonylamino-p- 
alanine, 

4-[2-(Guanidino)ethyloxymethyl]benzoyl-2(S)-phenylsulfonylainino-p- 
alanine, 

15 

3- [2-(Guanidino)ethylaminocarbonyI]benzoyl-2(S)-phenylsulfonyl- 
amino-P-alanine , 

4- [2-(2-Aminothiazol-4.yl)ethyloxy]benzoyl-2(S)-phenylsulfonylamino- 
20 p-alanine t-butyl ester, 

4-[2-(2-Aminothiazol-4-yl)ethyloxy]benzoyl-2(S)-phenylsulfonylamino- 
p-alanine, 

25 4-I2-(N-(2-Iinidazolm-2-yl)aminoethyloxy]benzoyl-2(S)-phenylsulfonyl- 
amino-P-alanine, 

2(S)-Phenylsulfonylamino-3-[4-(4-(N-imidazoIin-2-yl)aminobutyloxy)- 
phenyl]propionic acid, 

30 

4-[2-[N-[Cis-3a,4,5,6,7,7a-Hexahydro-lH-benzimidazol-2-yl]amino]- 
ethyloxybenzoyl-2(S)-phenylsulfonylamino-p-alanme, 
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4.[2-(Pyrimidin-2-ylamino)ethyloxy]ben2oyl-2(S)-phenylsulfonylammo. 
p-alanine, 

4-[2-(3,4,5,6-Tetrahydropyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)- 
5 phenylsulfonylamino-p-alanine, 

4-[2-(2-Aminothiazol-4-yl)ethyl]benzoyl-2(S)-phenylsulfonylammo-P- 
alanine t-butyl ester, 

10 4-l2.(2-Ammothiazol-4-yl)ethyl]ben2oyl-2(S)-phenylsulfonylamino-p- 
alanine, 

4.[2(S)-(N-(2-Imidazolm-2-yl)amino)propyloxy]benzoyl-2(S)-phenyl- 
sulfonylamino-p-alanine, 

4-[2-(lmidazol-2-yl)ethyl]ben2oyl-2(S)-phenylsulfonylamino-|5-alanine. 

4.[2-(Thiazol-2-ylammo)ethyloxy]benzoyl-2(S>phenylsulfonylamino-p- 
alanine, 

4-l2-(Pyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)-benzyloxycart)onyl. 
amino-p-alanine, 

4-[2-(3,4^,6-Tetrahydropyrimidin-2-ylamino)ethyloxy]beiizoyl-2(S)- 
25 benzyloxycarbonylamino-P-alanine, 

Methyl 2(S)-benzoylainino-3-l4-(4-pyrimidin-2-ylaminobutyloxy)- 
phenyl]propionate, 

30 2(S)-Benzoylammo-3-[4-(4-pyrimidin-2-ylamino)butyloxy)phenyl]- 
propionic acid, 

2(S).Benzoylammo-3.[4.(4-(3,4,5,6-tetrahydropyrimidin-2.ylamino)- 
butyloxy)phenyl]propionic acid, 



20 
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4-[2-(Pyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)-N-methyl-N-phenyl- 
sulfonylamino-p-alanine t-butyl ester, 

4-[2-(Pyrimidin-2-ylamino)ethyloxy]benzoyl-2(S)-N-methyl-N-phenyl- 
sulfonylamino-p-alanine, 

4.[2.(3,4,5,6-Tetrahydropyrimidin-2-ylaniino)ethyloxy]benzoyl-2(S)-N- 
methyl-N-phenylsulfonylamino-P-alanine, 

4-[2-(N-(5 ,6-Dihydro-4-keto- 1 (H)-pyrimidin-2-yl)amino)ethyloxy]- 
benzoyl-2(S)-phenylsulfonylainino-P-alaiime, 



4-(2-Aimnopyridin-6-ylethynyl)benzoyl-2(S)-phenylsulfonyl-amino-p- 
15 alanine t-butyl ester, 

4-(2-Aminopyridin-6-ylethynyl)benzoyl-2(S)-phenylsulfonylamino-P- 
alanine, 

20 4.[2-(2-Aminopyridin-6-yl)ethyl]benzoyl-2(S)-phenylsulfonylamino-p- 
alanine, 

4-[2-(2-Aniinopyridin-6-yl)ethyloxy]benzoyl-2(S)-phenyl- 
sulfonylamino-p-alanine t-butyl ester, 

25 

4.[2-(2-Aminopyridin-6-yl)ethyloxy]benzoyl-2(S)-phenylsulfonylammo- 
P-alanine, 

4-[2-(Indol-2.yl)ethyloxy]benzoyl-2(S)-phenylsulfonylamino-P-alanine 
30 methyl ester, 

4.[2-(Indol-2-yl)ethyloxy]benzoyl-2(S)-phenylsulfonylamino-P-alanine, 
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4-[2-(lH-Imidazo[4,5-6]pyridm-2-yl)ethenyl]benzoyl-2(S)-phenyl- ^ 
sulfonylamino-p-alanine t-butyl ester, 

4-[2-(lH-Imidazo[4,5-b]pyridin-2-yl)ethenyl]benzoyl-2(S)-phenyl- 
5 sulfonylamino-P-alanine, 

4-[2-(lH-lmidazo[4,5-b]pyridm-2-yl)ethyl]benzoyl-2(S)-phenyl- 
sulfonylamino-P-alanine, 

10 4-[2-(l,8-Naphthyidm-7.yl)ethenyl)benzoyl-2(S)phenylsulfonylammo- 
p-alanine t-butylester, 

4.[2-( 1 ,2,3,4-Tetrahydro- 1 ,8-naphthyridin-7-yl)ethyl]benzoyl- 
2(S)phenylsulfonylamino-|i-alanine t-butyl ester, 

15 

4-[2-(l ,2,3,4-Tetrahydro-l ,8-naphthyridin-7yl)ethyl]benzoyl- 
2(S)phenylsulfonylamino-P-alanme, 

4-[2-(l,8-Naphthyridin-7-yl)ethenyl]benzoyl-2(S)phenylsulfonyI- 
20 amino-P-alanine ethyl ester, 

4.[2-( 1 ,2,3,4-Tetrahydro- 1 ,8-naphthyridin-7-yl)ethyl]benzoyl- 
2(S)phenylsulfonylamino-p-alamne ethyl ester, 

25 4-[2-(l,2,3,4-Tetrahydro-l,8 naphthyridin-7-yl)ethyl]benzoyl- 
2(S)[ 1 (S) 1 0-camphorsulf ony lamido] P-alanine ethyl ester, 

4-[2-(l,2,3,4-Tetrahydro-l,8 naphthyridin-7-yl)ethyl]benzoyl- 
2(S)[1(S)1 0-camphorsulf onylamido] |3-alanine, 

30 

4-[(3-Aminoisoquinolin.l-yl)ethynyl]ben2oyl-2(S)-phenylsulfonamido. 
p-alanine ethyl ester, 
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4-[(3-Ammoisoquinolin- 1 -yl)ethynyl]benzoyl-2(S)-phenylsulfonamido- 
P-alanine trifluoroacetate, 

4-[2-(3-Aminoisoquinolin-l-yl)ethyl]benzoyl-2(S)-phenylsulfonainido- 
5 p-alanine trifluoroacetate, 

4-[3-[N-(lH-Ben2imidazo-2-yl)amino]propoxy]benzoyl-2(S)- 
phenylsulfonylamino-p-alanine t-butyl ester, and 

1 0 4-[3-[N-( 1 H-Benzimidazol-2-yl)amino]propoxy]benzoyl-2 1 s)- 
phenylsulfonylamino-P-alanine. 

16. A method of inhibiting the bone resorption activity 
of mammalian osteoclast cells comprising the step of administering a 

15 pharmacologically effective amount of a compound of Claim 13. 

17. A composition for inhibiting bone resorption activity 
of mammalian osteoclast cells comprising a pharmacologically effective 
amount of the compound of Claim 13 and a pharmaceutically acceptable 

20 carrier. 

18. A method of inhibiting the bone resorption activity 
of mammalian osteoclast cells comprismg the step of administering a 
pharaiacologically effective amount of a compound of Claim 15. 

25 

19. A composition for inhibiting bone resoiption activity 
of mammaUan osteoclast cells comprising a pharmacologically effective 
amount of a compound of Claim 15 and a pharmaceutically acceptable 
carrier. 

30 

20. A method for inhibiting tumor metastasis in a patient 
comprising the step of administering a pharamacologically effective 
amount of a compound of Claim 13. 
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21. A composition for inhibiting tumor metastasis in a 
patient comprising a pharmacologically effective amount of a compound 
of Claim 13 and a pharmaceutically acceptable carrier. 

5 22. A method for inhibiting restenosis in a patient 

comprising the step of administering a pharamacologically effective 
amount of a compound of Claim 13. 

23. A composition for inhibiting restenosis in a patient 
10 comprising a pharmacologically effective amount of a compound of 

Claim 13 and a pharmaceutically acceptable cairier. 

24. A method for inhibiting diabetic retinopathy in a 
patient comprising the step of administering a pharamacologically 

15 effective amount of a compoimd of Claim 13. 

25. A composition for inhibiting diabetic retinopathy in a 
patient comprising a pharmacologically effective amount of a compound 
of Claim 13 and a pharmaceutically acceptable carrier. 

20. 
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